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PREFACE 


Sweet  is  a modality  of  oral  chemosensitivity  and  also  the  example  par  excel- 
lance  of  hedonic  experience.  The  human  preference  for  sweetness  plays  a 
critical  role  in  the  regulation  of  dietary  intake  and  thus  in  the  maintenance  of 
health.  Modern  food  processing  and  marketing  methods  increasingly  substi- 
tute sugar  for  other  less  sweet  dietary  carbohydrates  and  result  in  increased 
per  capita  consumption  of  sugar.  Correlational  studies  implicate  these  dietary 
changes  in  the  rising  incidence  of  heart  disease,  diabetes  and  obesity.  Animal 
experimentation  and  well  controlled  clinical  observations  of  humans  show  a 
clear  casual  relation  of  sugar  ingestion  to  dental  caries. 

The  sensory,  perceptual  and  motivational  phenomena  of  taste  are  under 
extensive  and  productive  investigation  in  mature  animals  and  man.  Much  less 
is  known  about  the  taste  sensitivities  and  preferences  of  immature  organisms. 
Developmental  studies  of  other  modalities  (e.g.  vision,  audition  and  pain)  have 
contributed  to  the  understanding  of  adult  perception  and  specifically  demon- 
strated the  critical  importance  of  early  sensory  experience  for  adult  percep- 
tion. Developmental  studies  of  taste  should  likewise  contribute  to  the  under- 
standing of  taste  in  the  adult  and  might  well  provide  insights  into  the  role  of 
early  taste  experience  in  the  generation  of  the  stable  but  destructive  eating 
patterns  of  adults  in  our  culture.  This  conference  and  the  book  derived  from  it 
offer  such  a developmental  perspective  to  the  study  of  preference  for  sweet  in 
man  and,  potentially,  to  the  devising  of  methods  or  routines  for  the 
prophylaxis  of  disease  through  the  modification  of  dietary  patterns. 

The  Conference  on  the  Development  of  Sweet  Preference  was  held  June 
19-21,  1974  under  sponsorship  of  the  John  E.  Fogarty  International  Center 
and  the  National  Institute  of  Dental  Research.  The  chapters  of  this  volume 
were  prepared  in  retrospection  of  the  conference  presentations.  The  discus- 
sion contributions  were  edited  by  the  participants. 
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INTRODUCTION 


Milo  D,  Leavitt,  Jr. 

It  is  a great  pleasure  to  welcome  you  to  the  National  Institutes  of  Health  and 
to  the  Fogarty  International  Center. 

In  the  course  of  planning  for  today’s  conference,  it  was  suggested  that  I take 
a few  moments  this  morning  to  tell  you  about  the  Fogarty  International  Center 
and  its  origins.  The  Center  was  established  on  July  1,  1968  as  a memorial  to 
the  late  Congressman  John  Fogarty  who  for  a period  of  twenty  years  cham- 
pioned the  expansion  of  this  nation’s  health  research  programs.  It  had  been 
Mr.  Fogarty’s  hope  for  a number  of  years  that  an  international  center  for 
advanced  study  might  be  created  on  the  NIH  reservation  with  the  general 
objective  of  relating  the  development  of  new  knowledge  through  medical 
research  to  the  larger  questions  of  science  and  society.  Shortly  after  Mr. 
Fogarty’s  death  in  1967,  Mr.  Melvin  Laird,  who  had  served  with  John  Fogarty 
on  the  House  Appropriations  Subcommittee,  introduced  a proposal  in  Con- 
gress which  established  the  Center  as  a new  program  activity  at  the  National 
Institutes  of  Health. 

I would  like  now  to  describe  very  briefly  our  advanced  study  program  at  the 
Center.  It  consists  of  two  essential  elements.  The  hrst  of  these  is  the  Scholars- 
in-Residence  Program  which  permits  us  to  bring  authorities  from  the  United 
States  and  abroad  to  the  National  Institutes  of  Health  for  varying  periods  of 
time,  several  months  to  a full  academic  year.  While  the  Scholars  are  at  NIH 
they  may  engage  in  a variety  of  activities  which  range  from  the  conduct  of 
seminars  involving  our  intramural  scientists  to  the  preparation  of  scientihc 
monographs  and  textbooks.  The  other  very  important  activity  within  the 
advanced  study  program  is  the  Conference  and  Seminar  Program.  Through 
this  program  we  are  able  to  mount  international  conferences,  workshops,  and 
small  seminars  devoted  to  major  problems  in  science  and  medicine.  At  this 
point,  I would  like  to  emphasize  that  the  Fogarty  International  Center  pro- 
vides a forum  which  attracts  both  American  and  foreign  scientists.  We  make  a 
conscious  effort  to  assure  that  there  is  a proper  mixture  of  U.S.  and  foreign 
scientists  who  participate  in  our  advanced  study  program. 

Next,  I should  like  to  say  a few  words  about  our  program  interests  in  the 
Center.  We  are  giving  major  emphasis  to  problems  of  disease  prevention,  to 
the  problems  of  environment,  and  to  recent  advances  which  have  been  made 
in  human  genetics.  We  are  also  very  much  concerned  with  the  problems  which 
now  confront  medical  education  in  the  United  States  and  in  the  advanced 
countries  of  the  world.  We  shall  pursue  these  topics  for  a number  of  years 
since  we  are  well  aware  that  issues  of  such  importance  to  modern  society  will 
require  long-term  study. 
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In  addition  to  these  independent  program  interests,  we  are  eager  to  collabo- 
rate with  the  other  Institutes  here  at  the  National  Institutes  of  Health  in  the 
support  of  conferences  devoted  to  biomedical  topics  which  are  of  high  pro- 
gram relevance  to  the  NIH  and  the  Department  of  Health,  Education,  and 
Welfare.  Today’s  conference  on  the  development  of  sweet  preference  is  an 
excellent  example  of  the  joint  efforts  of  the  National  Institute  of  Dental 
Research  and  the  Fogarty  International  Center  to  foster  interest  in  new  and 
developing  areas  of  biomedical  research.  May  I wish  you  a most  successful 
meeting. 
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OPENING  REMARKS 


Seymour  J.  Kreshover 

Whenever,  from  around  the  world,  a small  group  of  investigators  can  be 
brought  together  to  describe  their  individual  journeys  into  unknown  regions 
of  a common  interest  and  to  speculate  on  the  significance  of  their  findings, 
they  invariably  encourage  and  inform  each  other.  Moreover  they  re-examine 
the  significance  of  findings  ignored  or  misunderstood,  and  inspire  further 
journeys  along  different  paths. 

Of  the  many  interesting  aspects  of  dental  research,  this  conference  on  the 
Development  of  Sweet  Preference  exemplifies  perfectly  the  cooperative, 
mutually  stimulating,  generative  nature  of  science. 

The  mouth  is  a complex  organ  system  essential  for  life,  and,  upon  it, 
physical  and  mental  well  being  depend  to  a far  greater  extent  than  is  generally 
recognized.  For  many  practical  aspects  of  oral  health  and  disease,  taste  prefer- 
ence, whether  congenital  or  acquired,  could  be  pivotal.  Accordingly,  the  sub- 
ject deserves,  and  eventually  will  repay,  this  attention  from  dentists,  physi- 
cians, and  other  professionals  of  diverse  scientific  backgrounds. 

One  of  the  special  privileges  of  serving  at  the  National  Institutes  of  Health  is 
that  the  Fogarty  International  Center  is  invaluable  in  affording  a mechanism 
for  mutually  advantageous  cooperation  between  investigators  in  the  United 
States  and  abroad  for  the  purpose  of  lighting  the  path  of  biomedical  research. 
For  its  role  in  the  planning  and  conduct  of  this  conference,  we  express  our 
sincerest  appreciation. 
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Chapter  1 


BIOLOGICAL  AND  BEHAVIORAL 
SUBSTRATES  OF  THE  SWEET  TOOTH 


Carl  Pfaffmann 


I would  like  to  begin  with  a quote 
from  Hubert  Frings  written  in  1946 
when  he  was  in  the  Department 
of  Biology  at  Gustavus  Adolphus 
College: 

The  production  of  pure  sucrose, 
which  modern  man  uses  to  satisfy 
his  “sweet  tooth”  is  a scientihc 
achievement.  This  does  not  mean, 
though,  that  a predilection  for 
sweet  foods  is  limited  to  civilized 
man.  In  fact,  the  “sweet  tooth”  is 
not  even  limited  to  man.  So  far  as  I 
can  discover  there  is  no  animal 
which  will  not  accept  sugar,  and 
many  which  actually  take  sweet 
things  by  preference. 

The  acceptance  of — or  even 
preference  for — sweets  by  horses, 
dogs,  mice,  rats,  and  other  domesti- 
cated and  domestic  mammals  is 
very  well  known.  That  this  is  not 
due  entirely  to  their  close  associa- 
tion with  man  is  suggested  by  the 
fact  that  many  wild  mammals  are 
also  known  to  be  fond  of  sweets; 
bears,  raccoons,  skunks,  and  others. 

Another  group  of  animals  which 
has  many  members  commonly 
known  to  take  sweets  is  the  insect. 
What  camper  has  not  wished  that 
flies,  ants,  wasps,  or  bees  were  not 
so  readily  attracted  by  sugar?  Be- 


sides these  picnic  pests,  crickets  and 
butterflies  are  commonly  known  to 
seek  sweets.  An  uncapped  jar  of 
syrup  will  trap  thousands  of  ants 
which  drown  in  their  efforts  to  get 
the  sticky  prize.  . . . 

To  start  with  the  Vertebrates, 
rabbits,  chickens,  turtles  and  frogs 
may  seem  fairly  unlikely  as  posses- 
sors of  a “sweet  tooth,”  and  yet  they 
do  accept  sucrose  as  food.  With 
rabbits  and  chickens,  for  instance, 
sugar-water,  in  all  concentrations 
above  the  lowest  they  accept,  is 
taken  when  the  animals  have  all  the 
water  they  want.  This  shows  that 
these  animals  can  distinguish 
sugar-water  from  pure  water,  and 
that  they  accept  it  as  food. 

The  question  of  whether  chickens 
or  other  birds  have  a sweet  tooth  has 
been  a debatable  point.  Morley 
Kare  has  emphasized  that  although 
many  birds  give  evidence  of  a taste 
sensitivity  only  a few  including  par- 
rots and  hummingbirds  show  a sweet 
preference.  However,  Jacobs  cites 
Engelmann  and  his  own  work  giving 
evidence  for  sweet  preference  in 
chicks.  Frings  notes  that  when  birds 
have  all  the  water  they  want,  they  may 
show  a preference  for  sugar-water 
in  concentrations  above  threshold. 
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Anatomically  many  birds  have  only 
perhaps  forty  or  thirty  taste  buds, 
very  few  compared  with  other  verte- 
brates particularly  mammals. 

I accept  Kare’s  objections  to  a blan- 
ket assumption  of  a “sweet  tooth”  in 
all  living  organisms,  but  to  me  it  is 
much  more  impressive  that  there  are 
so  many  creatures  who  prefer  and  ac- 
cept sugars.  When  in  doubt,  one  is 
more  likely  to  be  right  than  wrong 
in  expecting  an  organism  to  show  a 
preference  for  sugar  and  related 
substances. 

Man’s  nearest  evolutionary  rela- 
tives, present-day  primates,  also  dis- 
play the  preference  for  sweet.  In  The 
Evolution  of  Primate  Behavior  Jolly 
notes  that  most  primates  are  om- 
nivorous eating  fruit,  leaves,  insects, 
and  even  meat  when  they  can  get  it. 
Vegetable  food,  however,  is  the  staple 
for  most  species  and  meat  eating, 
generally,  is  rare  except  by  baboons 
and  chimpanzees.  The  bulk  in  the 
primate  diet  comes  from  plants.  Some 
species  eat  chiefly  fruit,  others  largely 
leaves,  and  some  can  subsist,  if  neces- 
sary, on  grass.  Spider  monkeys  not 
only  eat,  but  prepare  the  fruits  of 
Tocoyena  pittieri  which  hang  from 
stout  stems  and  are  protected  by  a 
thick  green  skin.  The  monkey  bites 
through  the  skin  of  a fruit,  but,  find- 
ing the  pulp  green  and  bitter,  leaves  it 
alone.  When  the  troop  returns  a few 
days  later  it  is  full  of  a sort  of  sweet 
jam;  opening  the  fruit  has  accelerated 
its  ripening,  and  the  monkeys  ap- 
preciatively scrape  it  out  to  the  last 
drop. 

Bicchieri  in  Hunters  and  Gatherers 
Today,  notes:  “For  more  than  99  per- 
cent of  the  approximately  two  million 
years  since  the  emergence  of  a recog- 
nizable human  animal,  man  has  been 


a hunter  and  gatherer.”  One  form  of 
gathering  in  neolithic  times  is  shown 
in  the  cave  painting  of  Figure  1-1. 
“Living  in  the  sedentary,  densely 
populated  communities  made  possi- 
ble by  the  adoption  of  agriculture  as  a 
life  base  is  a new  condition  to  which 
man  has  only  begun  to  make  phys- 
iological and  psychological  adjust- 
ments. The  shift  from  hunting  and 
gathering  to  agriculture,  and  finally  to 
an  industrial  base,  is  so  recent  that 
today  there  are  still  human  com- 
munities living  within  the  framework 
of  each  adaptation.  The  number  of 
hunting  and  gathering  communities  is 
dwindling  rapidly.  This  life  form  will 
be  extinct  within  a few  more  years.” 
They  are  now  being  actively  investi- 


Figure  1-1.  Cave  painting  from  Arana  cave  at 
Bicorp  near  Valencia  in  Spain  of  a neolithic 
man  robbing  a store  of  wild  honey.  (Repro- 
duced from  Deerr  ®.) 
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gated  before  they  die  off  or  become 
integrated  into  a new  life  style 

The  Pitjandjara  are  one  such 
hunting  and  food-gathering  aborigi- 
nal people  of  the  Great  Western  De- 
sert of  Australia.  The  climate  is  arid, 
but  summer  rains  replenish  the  water 
storage.  There  is  a mixture  of  vegeta- 
tion and  grasses  on  the  rocky  slopes 
and  low  hills,  sandy  banks,  and  dunes. 
The  outcroppings  may  have  a few  na- 
tive fig  trees.  One  important  food 
source  for  these  people — the  women 
do  most  of  the  gathering  and  the  men 
do  the  hunting — are  lerp  scales,  a 
sweet  waxy  secretion  produced  by  the 
young  plant  as  a protection  against 
the  jumping  lice  and  related  genera. 
The  scale  occurs  on  several  species  of 
Acacia  and  Eucalyptus  and  provide  a 
source  of  sugar  upon  which  they  may 
need  to  feed.  The  Wama  Wanari, 
another  lac  scale,  also  infests  large 
areas  of  mulga,  another  Acacia 
species.  The  Pitjandjara  may  live  for 
days  on  these  substances,  breaking  off 
the  twigs  covered  with  scale  and  draw- 
ing them  through  their  lips,  often 
made  sore  and  bleeding  by  doing  so. 
They  will  tolerate  pain  and  discom- 
fort for  sugar. 

Honey  ants  occur  in  the  mulga 
scrub.  After  heavy  rains,  the  ants  har- 
vest the  flow  of  honey  from  flowers 
and  the  sweet  sap  from  glands  on  the 
growing  tips  of  mulga  twigs.  This  the 
ants  store  well  below  ground  level  in 
the  inflated  abdomens  of  certain 
worker  ants,  each  the  size  of  a pea. 
These  living  stores  of  honey  tide  the 
ants  over  the  periods  when  lack  of 
rain  prevents  the  flowering  of  the 
mulga.  But  these  honey  stores  are  also 
one  of  the  buffer  food  supplies  for 
natives  in  dry  years.  Usually  women 
dig  for  honey  ants  using  a digging 


stick  and  wooden  scoop.  Sometimes, 
when  other  food  is  in  short  supply, 
men  join  in  the  search.  Holes  as  deep 
as  three  and  four  feet  and  several 
yards  in  diameter  may  develop  as  they 
search  for  storage  holes  with  their  liv- 
ing sacs  of  sweetness.  There  is  a totem 
and  mythology  of  an  ancestral  being, 
the  original  honey  ant,  the  Purara, 
that  came  into  existence  at  what  is 
now  a ceremonial  place.  These  evo- 
lutionary and  anthropological  exam- 
ples, I trust,  will  give  us  a broader 
view  of  the  processes  under  consid- 
eration in  this  symposium. 

Now  to  the  mechanism  of  the  sen- 
sory apparatus  that  guides  the  search 
of  animals  and  man  for  sweetness. 
Figure  1-2  displays  scanning  electron 
micrographs  of  the  tongue  made  at 
Tallahassee  by  Graziadei  and  Beidler 
showing  vallate,  foliate  and  fungiform 
papillae  surrounded  by  nongustatory 
papillae.  Gustatory  stimulation  takes 
place  through  the  pore  seen  in  the  top 
figures.  Figure  1-3  is  a more  tradi- 
tional photomicrograph  showing 
single  taste  buds.  These  happen  to  be 
located,  as  a matter  of  fact,  not  in  the 
fungiform  papillae  of  the  tongue  but 
on  the  roof  of  the  rat’s  mouth  in  the 
vicinity  of  the  nasoincisor  duct  con- 
necting the  oral  and  nasal  cavities.  Dr. 
Curt  Richter,  a number  of  years  ago, 
called  my  attention  to  the  fact  that 
taste  buds  existed  on  non-lingual  reg- 
ions of  the  mouth.  The  taste  buds  in 
the  figure  are  located  on  the  oral  as- 
pect of  the  hard  palate  in  the  forward 
portion  of  the  mouth.  Lingual  taste 
buds  are  distributed  on  the  front  of 
the  tongue  in  fungiform  papillae  and 
on  its  back  in  slit-like  foliate  papillae 
at  the  sides  and  the  single  vallate 
papilla  on  its  dorsal  surface  (See  Fig- 
ure 1-4). 
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Figure  1-2.  Scanning  electron  micrographs  of  a single  fungiform  on  rabbit 
tongue  (top  left)  and  rat  tongue  (top  right);  circumvallate  papilla  of  3-week 
puppy  (lower  left)  and  foliate  papillae  of  rabbit  (lower  right).  (Reproduced  with 
permission;  Beidler  ^.) 


Figure  1-5  illustrates  the  electro- 
physiological  method  applied  to  the 
chorda  tympani  nerve  showing  the 
multi-fiber  discharge  as  an  asyn- 
chronous display.  To  make  this  re- 
cording somewhat  more  meaningful 
an  index  of  sensory  stimulation  is 
provided  by  a quantitative  write-out 
of  the  amount  of  the  activity  of  the 
total  nerve.  Such  recordings  reflect 
events  at  the  receptor  cells  with  which 
chorda  tympani  nerve  terminates. 


The  chorda  tympani  supplying  the 
front  of  the  tongue  is  the  most 
convenient  and  the  most  widely  used 
nerve  for  taste  studies  because  it  is 
readily  accessible  and  contains  very 
few  sensory  fibers  other  than  taste. 
The  ninth  nerve  innervating  the  back 
of  the  tongue  is  only  recently  getting 
attention.  There  is  much  to  be  done 
with  it  because  of  its  very  important 
location  close  to  the  entrance  of  the 
digestive  tract.  There  is  the  possibility 
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Figure  1-3.  Photomicrograph  of  two  taste 
buds  near  naso-incisor  duct  on  roof  of  rat’s 
mouth.  Ten  divisions  equal  0.1  mm.  (Repro- 
duced with  permission;  Pfaffmann  °.) 


that  these  two  receptive  fields  actually 
tap  separate  reflexive  areas — that  the 
modalities  contained  therein  exert 
specific  stimulus  control — in  con- 
summatory  swallowing  reflexes  which 


Figure  1-4.  Tracing  of  rat’s  tongue  showing 
location  of  fungiform,  foliate,  and  the  single 
vallate  papillae.  (Courtesy  of  Dr.  Curt  Rich- 
ter; Based  on  Fish,  Malone  & Richter  ®.) 


Figure  1-5.  Schematic  of  electrophysiological 
recording  of  taste  activity  in  chorda  tympani 
nerve.  (Reproduced  with  permission; 
Pfaffmann 


Dr.  Nowlis  will  discuss  in  his  presenta- 
tion. This  recording  method  has  been 
applied  to  man  by  Diamant,  et  al.^^  in 
the  course  of  surgery  on  the  middle 
ear  making  possible  direct  correla- 
tions with  human  sensations.  After 
applying  gymnemic  acid,  a specific 
blocking  agent  of  the  sweet  taste 
(Warren  & Pfaffmann  the  Swedish 
investigators  have  shown  that  the  re- 
sponses to  sugar  and  saccharin  in  the 
human  chorda  reduce  to  zero  but  the 
responses  for  salt,  acid  and  bitter  re- 
main intact.  Gymnemic  acid  will  have 
a similar  effect  on  certain  animal 
species:  dog,  hamster,  and  macaque 
monkey,  but  not  in  many  others.  The 
reasons  for  these  species-specific  ex- 
ceptions are  not  yet  clear.  The  com- 
bined recording  and  psychophysical 
observations  in  man  gives  additional 
assurance  that  the  chorda  tympani  re- 
sponse does  indeed  provide  a meas- 
ure of  taste  sensation  and  indeed 
makes  possible  the  logical  jump  to  in- 
ferring a “sweet  taste”  in  animals. 

Figure  1-6  is  a composite  graph 
based  on  Dr.  Frank’s  work.^®  Compar- 
ing the  glossopharyngeal  with  the 
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Figure  1-6.  Relative  magnitude  of  neural  re- 
sponse to  infusion  into  the  circumvallate 
papilla  (A)  and  to  stimulation  of  the  anterior 
portion  of  the  tongue  (B)  in  rat.  (Reproduced 
with  permission;  Pfaffmann,  Fisher,  & 
Frank 

chorda  tympani  shows  a remarkable 
quinine  sensitivity  in  the  vallate  as 
contrasted  with  either  the  foliate  or 
fungiform  papillae.  Quinine  on  the 
front  is  not  much  above  noise  level. 
Another  interesting  point  is  the  rela- 
tively small  sodium  chloride  response 
at  the  back  except  for  the  higher 
concentrations  which  behaviorally  are 
avoided.  In  the  front,  of  course,  NaCl 
is  a very  good  stimulus;  HCl  is  good 
but  not  so  different  in  the  three  re- 
ceptor helds.  Sugar  is  not  remarkable 
either  on  the  front  or  on  the  back  of 
the  rat  tongue.  This  is  surprising  in 
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Figure  1-7.  Behavioral  preferences  and  aver- 
sions to  taste  stimuli  (upper  panel)  and  com- 
posite VII-IX  nerve  taste  discharges  (lower 
panel).  Glycine  and  alanine  derived  from 
Halpern,  Bernard,  & Rare 

view  of  the  rat’s  good  behavioral  pref- 
erence for  sugar.  Figure  1-7  is  a 
composite  summing  of  both  the  pos- 
terior ninth  nerve  and  chorda  tym- 
pani (CT)  responses  together  with 
corresponding  typical  preference- 
aversion  functions  of  the  two-bottle 
Richter  test.  Sweet  sensitivity  can  be 
better  studied  in  other  species  like 
dog,  hamster,  squirrel,  guinea  pig  or 
monkey.  We  chose  the  squirrel  mon- 
key whose  chorda  tympani  shows  the 
good  response  to  sugar  seen  in  Figure 
1-8  with  a clear  seriation  of  sugar  ef- 
fectiveness as  seen  in  Figure  1-9. 
Fructose  arouses  the  greatest  chorda 
response  followed  by  sucrose,  then 
glucose  and  other  sugars  each  of 
which  are  not  significantly  different 
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Figure  1-8.  Summated  electrophysiological  responses  of  squirrel  monkey  chorda 
tympani  to  a test  salt  and  an  ascending  concentration  series  of  fructose  solutions. 
Time  scale:  one  div.  = 20  secs.  (Reproduced  with  permission;  Pfaffmann 


from  each  other.  For  purposes  of 
comparative  tests  we  concentrated  on 
the  relation  among  three:  fructose  > 
sucrose  > glucose.  The  varying 
sweetness  of  different  sugars  is  well 
documented  for  man  as  are  their 
behavioral  effectiveness  in  animals 
and  man.^®’®  A similar  electro- 
physiological  seriation  would  be  ex- 
pected (see  also  Andersen,  et  al.^; 
Diamant,  et  al.“). 

Figure  1-10  shows  two-bottle  pref- 
erence tests  of  one  hour  duration. 
Water  intake  is  not  plotted  because  it 
is  essentially  zero.  We  discovered  that 
squirrel  monkeys  were  so  avid  for  any 
one  of  these  sugars  that  in  an  ordi- 


nary ad  lib  twenty-four  hour  test,  an 
animal  almost  drowned  itself  in  sweet 
fluid.  Behavior  became  erratic,  and 
the  animal’s  health  deteriorated,  so 
we  had  to  limit  them  by  scheduled 
removal  of  water  and  controlled  eat- 
ing. A measured  amount  of  food  was 
available  for  12  hours  following  the 
test,  followed  by  a period  of  eleven 
hours  deprivation  before  the  next 
test.  Then  the  data  became  very  regu- 
lar. The  seriation  on  the  ascending 
limb  of  the  preference  curves  shows 
the  order:  sucrose,  fructose,  then 
glucose. 

Ganchrow  and  Fisher  in  my  lab- 
oratory at  Brown  compared  the  effec- 


Mean  ml  intake 
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Figure  1-9.  Relative  chorda  tympani  re- 
sponses of  squirrel  monkey  to  different 
sugars.  (Reproduced  with  permission; 
Pfaffmann 

tiveness  of  the  three  sugars,  fructose, 
sucrose  and  glucose,  for  the  squirrel 
monkey  in  a bar  pressing  task  rein- 
forced by  the  brief  presentation  of 
solutions  of  one  of  these  sugars.  Fig- 
ure 1-11  shows  the  relative  bar  press- 


Figure  1-10.  One-hour,  two-bottle  prefer- 
ence tests  of  squirrel  monkey  for  three 
sugars.  Arrow  marks  i.sosmotic  point.  (Re- 
produced with  permission,  Pfaffmann  ^.) 


ing  functions  across  sugars.  Sucrose, 
fructose,  glucose  and  lactose  fall  off  in 
that  order.  The  functions  from  a 
single  animal  are  quite  regular  and 
are  in  direct  conflict  with  those  seen 
electrophysiologically.  Until  this  find- 
ing we  had  previously  found  a 
reasonably  good  correspondence  be- 
tween taste  electrophysiology  and  be- 
havior. These  paradoxical  findings,  as 
a matter  of  fact,  turned  out  to  be  im- 
portant. This  lack  of  correlation  is  not 
a trivial  detail  for  ultimately  it 
clarified  for  us  the  fundamental  issue 
of  the  gustatory  code  for  sweetness. 
Even  with  one  difference  in 
methodology,  data  collected  at 
Rockefeller  with  the  help  of  Bruce 


Cone.  (M) 


Figure  1-11.  Bar  pressing  for  differ- 
ent sugars  as  a function  of  concentration 
(Ganchrow  Fisher  (Reproduced  with 
permission,  Pfaffmann 
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McCutcheon  and  Joan  Colsey  confirm 
these  relations.  In  the  Brown  study, 
animals  were  trained  initially  on  su- 
crose. The  decrement  to  fructose  and 
other  sugars  might  have  resulted 
from  the  change  in  substance.  In  our 
study,  animals  were  trained  initially 
on  fructose.  The  training  sugar  did 
not  affect  the  behavioral  superiority 
of  sucrose.  Furthermore  at  maximal 
and  equal  licking  rates  on  both  sugars, 
i.e.,  with  equal  consummatory  be- 
havior, there  is  a bar  press  difference 
in  favor  of  sucrose.  Thus,  when 
equated  for  consummatory  behavior, 
sucrose  retains  its  advantage  as  seen 
in  Figure  1-12.  At  lower  concentra- 
tions differences  in  licking  appear 
and  both  the  lick  and  bar  press  rates 
for  sucrose  exceeded  the  rates  ob- 
served for  fructose. 

Figure  1-13  illustrates  a slightly 
more  sophisticated  method  of  com- 
paring sugars.  We  presented  glucose 
and  fructose  in  ascending  and  de- 
scending concentration  series  against 
a standard  sucrose  solution  in  a two- 
bottle  balanced  position  test.  No  water 
was  available  during  the  one-hour  test 
on  the  above  schedule.  The  animal 
samples  the  two  tubes  and  takes  rela- 
tively greater  amounts  of  the  test  so- 
lution (fructose  or  glucose  depending 
on  the  test)  with  increasing  concentra- 
tion. At  some  concentration  of  test 
solution,  the  choice  of  test  and  stand- 
ard becomes  equal,  marking  the  50% 
point  of  the  test  intake  curve.  A su- 
crose concentration  of  0.1  M is 
matched  by  a higher  fructose  con- 
centration of  0.14  M and  a still  higher 
glucose  concentration  of  0.4  M.  For 
equal  palatability  sucrose  > fruc- 
tose > glucose  in  terms  of  molar 
concentration. 

I put  together  lick  rate  and  pref- 


erence intake  data  in  Figure  1-14. 
Norman  Guttman  originally  showed 
that,  contrary  to  preference,  rate  of 
bar  pressing  didn’t  show  a peak  per- 
formance and  then  drop  off  as  a func- 
tion of  sugar  concentration.  Rather  he 
found  ascending  functions  to  a pla- 
teau. The  difference  between  intake 
preference  and  operant  non-peaked 
curves  was  enhanced  by  intermittent 
schedules  of  reinforcement.  We 
theorized  that  the  reduced  intake  on 
the  intermittent  schedule  would  re- 
duce post  ingestive  factors  such  as 
hyperosmolarity  or  negative  sensory 
input  from  the  gut.  That  may  be  a 
debatable  interpretation,  but  in  gen- 
eral it  is  rather  helpful  to  think  of  two 
factors:  one  driving  the  behavior  for- 
ward and  the  other  turning  it  off. 
Small  volume  intakes,  as  in  operant 
schedules,  yield  rising  functions  to  a 
plateau  as  a reflection  of  the  sensory 
positive  instigating  factor. 

Whereas  fructose  > sucrose  > glu- 
cose in  the  total  chorda  tympani  dis- 
charge, single  fibers,  as  first  shown  by 
Dr.  Linda  Bartoshuk,^  do  not  always 
show  this  order.  Some  fibers  dis- 
charge more  actively  to  fructose  much 
as  in  the  total  nerve,  but  others  re- 
spond more  to  sucrose  than  to  fruc- 
tose or  other  sugars.  Because  these 
early  experiments  were  carried  out  on 
only  a relatively  small  number  of 
fibers,  we  wondered  about  a larger 
population.  In  more  recent  experi- 
ments at  the  Rockefeller  University, 
which  Dr.  Frank  will  describe,  we 
applied  Frank’s  best  stimulus  desig- 
nator to  both  sugar  and  salt  fibers. 
Figure  1-15  shows  one  group  of  fibers 
with  similar  response  patterns  in 
which  sucrose  is  more  effective  than 
any  of  the  other  stimuli  employed,  in- 
cluding salts,  acid,  and  quinine.  In  the 
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Figure  1-13.  Preference  for  fructose  and  glu- 
cose relative  to  0.1  M sucrose.  (Reproduced 
with  permission,  Pfaffmann 


Figure  1-14.  Operant  lick  rates  for  glucose, 
fructose,  and  sucrose  superimposed  on  a plot 
(Figure  1-10)  of  the  volumes  of  these  sugars 
ingested  by  the  same  t^nimals. 

Other  group,  which  also  responded  to 
sugars,  fructose  was  more  effective 
than  sucrose,  but  salts  were  much 
more  effective,  indeed  these  ap- 
peared to  be  salt-best  units.  If  sugars 
only  had  been  tested  one  might  have 
labelled  these  simply  as  fructose 
fibers.  I went  back  through 
Dr.  Bartoshuk’s  original  protocols  and 
discovered  that,  indeed,  good  fructose 
elements  were  also  strongly  salt  sensi- 


Stimuli 

Figure  1-15.  Response  profiles  of  salt-best 
and  sugar-best  fibers  of  squirrel  monkey. 
(Reproduced  with  permission,  Pfaffmann  ”.) 

tive;  those  that  were  maximally  re- 
sponsive to  sucrose  showed  some  but 
not  much  salt  responsivity.  Thus  there 
appear  to  be  two  distinct  groups  of 
sensitivity  patterns  to  sugars. 

We  now  believe  that  the  sucrose- 
best  (S  fibers)  signal  sweetness  and  the 
salt-best  (N  fibers)  probably  signal 
saltiness.  Why  the  salt  fibers  should 
also  be  activated  by  sugar  especially 
fructose  is  probably  a biochemical  or 
biophysical  question  that  must  be 
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answered  in  terms  of  receptor  prop- 
erties. Whenever  the  sucrose  fiber  sys- 
tem is  activated,  the  organism  senses 
sweet;  whenever  the  other  is  acti- 
vated, there  may  be  saltiness  or  some 
other  more  complex  modality.  This, 
of  course,  is  close  to  the  traditional 
view  of  basic  modalities  of  the  taste 
each  mediated  by  specific  labelled 
lines  for  their  particular  sensory  qual- 
ity. We  think  of  them  as  clusters  of 
labelled  lines,  all  very  similar  as  to  the 
best  stimulus,  but  not  necessarily 
identical  especially  in  their  side  bands 
of  sensitivity. 

I think  we  must  still  retain  some 
aspects  of  the  cross  fiber  patterning 
concept. When  one  considers  all 
the  chemicals  that  exist  to  which  taste 
responses  can  be  made,  there  seem  to 
be  far  too  many  to  be  coded  only  by  a 
small  population  (four  or  five)  of 
highly  specific  primary  sensitivities. 
There  is  much  sensory  information  in 
the  multiple  responsivity  leading  to 
different  ratios  of  response,  in  short 
the  “across  fiber  pattern.”  I would  opt 
for  both;  a labelled  line  code,  which  is 
the  traditional  view,  and  an  across 
fiber  pattern  code  that  provides  mod- 
ulation. There  is  no  necessary  incom- 
patibility between  these  two  mech- 
anisms, indeed  one  may  say  there  is 
complementarity. 

Dr.  Vincent  Dethier  is  known  for 
his  beautiful  work  on  the  blowfly  taste 
preparation,  which  for  years  was 
taken  as  the  prime  example  of  specific 
or  specialized  taste  receptors.  There 
are  four  sensory  cells  at  the  base  of 
the  chemosensory  hair  of  the  blowfly: 
one  for  sugar,  one  for  salt,  one  for 
water,  and  the  fourth  still  uncertain. 
Those  three  are  highly  specific  when 
tested  with  the  traditional  basic 
stimuli,  but  with  a wider  range  some 


preparations  responded  to  two  or 
more  stimuli.  Salt  receptors  are  found 
to  be  reactive  to  some  of  the  amino 
acids.  In  eating  of  complex  foods,  the 
animal  distinguishes  behaviorally 
amongst  these  materials.  Since  there 
is  no  specific  amino  acid  receptor,  the 
only  information  available  is  by  way  of 
the  across  fiber  information  derived 
from  the  relative  rates  of  firing 
among  the  three  identified  receptors. 

In  a recent  paper,  Dethier  accepts 
across  fiber  patterning  as  an  essential 
adjunct  to  specificity.  In  insects  and 
other  similar  invertebrates  there  is  “a 
surfeit  of  stimuli:  a paucity  of  recep- 
tors.” In  mammals  we  would  retain 
the  across-fiber-pattern  concept  but 
as  an  adjunct  of  a labelled  line  set  built  > 
around  four  or  a few  basic  sen-  l 
sitivities.  In  both  insects  and  mam- 
mals, behavioral  data  play  an  impor-  ! 
tant  role  in  leading  to  this  interpreta-  ' 
tion.  One  must  have  some  way  of  > 
knowing  what  the  electrical  message  | 
we  read  on  the  oscilloscope  means  to  j> 
the  organism. 

Another  currently  active  line  of  in- 
vestigation into  the  central  nervous 
mechanisms  of  taste  was  initiated  by  I 
Dr.  Ralph  Norgren  in  our  labora-  i 
tory.  The  solitary  tract  and  nucleus  of 
the  medulla  is  the  primary  input  path  ‘ 
for  the  taste  fibers  of  the  seventh,  t 
ninth  and  tenth  nerves.  The  phantom 
sketch  presented  in  Figure  1-16  I 
shows  taste  inputs  to  the  solitary  tract,  f 
The  posterior  solitary  tract  receives  i 
input  from  the  vagus  as  well  as  vis-  ' 
ceral  receptors  of  the  internal  organs  ! 
of  the  body  (not  shown).  | 

The  ascending  afferent  fibers  from  1 
the  solitary  nucleus  pass  through  the  f 
pons  to  the  thalamus.  The  thalamo-  | 
cortical  pathway,  well  delineated  by  : 
Robert  Benjamin  and  his  colleagues  ® , 
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cerebral  cortex 


Figure  1-16.  Phantom  sketch  of  taste  pathways  of  rat  brain. 


reaches  the  cortical  gustatory  area  on 
the  orbital  surface  of  the  rat  brain, 
i That  system  had  been  known  for 
I some  time,  but  not  the  detailed  path- 
way from  medulla  to  thalamus.  Previ- 
ous workers  had  difficulty  tracing  the 
solitary  nucleus  projection  for  good 
reason.  Until  recently,  it  was  thought 
that  second  order  neurones  passed 
directly  to  the  thalamus.  We  know 
now  there  is  a synaptic  break  in  the 
pontine  gustatory  area  (PGA),  a nu- 
cleus of  third  order  neurons  in  the 
brachium  conjunctivum.  Surround- 
ing the  taste  cells  are  cerebellar  fibers 
of  passage  of  the  brachium  and  cells 
and  fibers  of  the  trigeminal  system  as 
well  as  other  systems.  From  the  pon- 
! tine  taste  area  ascending  taste  fibers 
1 literally  bifurcate,  one  branch  to  the 
I thalamus  and  one  branch  ventrally  to 
i the  region  of  the  substantia  in- 
nominata  of  the  anterior  ventral  fore- 
brain. During  the  past  year,  Ralph 
Norgren  has  confirmed  the  fact  that 
j cells  in  the  ventral  forebrain  respond 
I to  gustatory  stimuli  and  that  PGA  gus- 
I tatory  cells  can  be  fired  antidromically 

! 

I 


from  electrodes  in  the  substantia  in- 
nominata.  In  the  PGA  itself,  he  and  I 
have  found  cells  that  are  specific  to 
one,  two,  three  or  four  of  the  basic 
taste  stimuli,  usually  with  a best 
stimulus  much  like  the  sensitivity  at 
the  periphery.  We  also  see  signs  of 
convergence  upon  the  single  pontine 
units  of  distinct  inputs  from  anterior 
and  posterior  receptive  fields  together 
with  certain  interactions  I shall  not 
discuss  here.  Lesions  in  substantia 
innominata  produce  aphagia  and 
adipsia,  rather  like  that  of  the 
hypothalamic  syndrome.^®  Thus  it 
appears  this  ventral  pathway  may  be 
the  route  by  which  taste  joins  with  or 
interacts  with  the  neural  systems  con- 
trolling food  and  water  intake. 

This  relation  of  taste  to  the  food 
intake  systems  is  important  for  under- 
standing the  “sweet  tooth.”  Much  be- 
havioral evidence  suggests  that  the 
preference  for  sugar  is  directly  linked 
to  hunger;  when  the  animal  is  hun- 
gry, its  intake  of  sugar  is  increased 
when  satiated  sugar  intake  is  reduced. 
Other  recent  evidence  on  the  effect 
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of  6-hydroxy-dopamine  is  pertinent 
here.  Smith,  Cooper,  and  Breese 
and  Marshall  and  Teitelbaum  show 
that  intracranial  injections  of  this 
agent  produces  chemical  lesions 
which  mimic  many  features  of  the  lat- 
eral hypothalamic  aphagic  syndrome. 
Associated  with  the  aphagia  is  a loss  of 
sugar  preference.  Sorenson,  Ellison 
and  Masuoka  showed  that  this  is  not 
due  to  a general  taste  deficit  for  the 
aversion  to  quinine  remains  and  if 
anything  is  enhanced,  the  loss  was 
specific  for  the  positively  attractive 
sucrose.  A drug  which  impairs  appeti- 
tive behavior  also  impairs  the  re- 
sponse to  sugar  as  food.  All  of  which 
leads  me  to  the  conclusion  that  sugar 


preference  is  an  aspect  of  hunger.  We 
should  study  the  sugar  preference  not 
only  with  regard  to  its  unique  taste 
properties  but  as  a carbohydrate  with 
nutritive  and  caloric  value. 

Figure  1-17  is  a multi-electrode  re- 
cording showing  the  relationship  of 
the  magnitude  of  responses  from  the 
anterior  and  posterior  tongue  upon  a 
particular  electrode  in  the  pontine 
taste  area.  I wanted  to  show  particu- 
larly the  proximity  of  this  to  the  locus 
coeruleus,  which  is  one  origin  of  the 
dorsal  noradrenergic  fiber  system. 
When  Dr.  Norgren  first  described  his 
lesion  experiments,  showing  degen- 
eration into  the  ventral  forebrain 
there  was  concern  that  he  might  have, 
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Figure  1-17.  Multiunit  summated  records  from  outer  electrode  subsequently 
marked  by  lesion  at  bottom  of  -10.2/1.6.  Abbreviations:  BC  = brachium 
conjunctivum;  DTN  = dorsal  tegmental  nucleus;  LC  = locus  coeruleus; 
MV  = mesencephalic  trigeminal  nucleus;  lV  = fourth  ventricle;  RF=reticular 
formation. 
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in  fact,  interfered  with  the  norad- 
renergic ascending  system.  The  ef- 
fects of  6-hydroxy-dopamine  I have 
been  describing  are  not  related  to  the 
involvement  of  the  locus  coeruleus  in 
Norgren’s  experiments  because  all  his 
lesions  clearly  avoided  that  structure. 
The  fact  that  it  appears  in  this  brain 
section  is  purely  coincidental.  The 
pontine  taste  area  is  a small  dense 
nuclear  area  of  small  cells  where  it  is 
difficult  to  isolate  cells  for  micro- 
electrode recording,  but  we  can  pick 
them  up  around  the  fringes  where  the 
cells  are  less  densely  packed  and  in- 
termingled with  other  fiber  tracts  and 
systems.  We  haven’t  any  evidence  on 
this  yet,  but  one  might  expect  to  see 
the  beginnings  of  specialization  of  the 
gustatory  input  at  the  pontine  bifur- 
cation. Discriminatory  information 
going  to  the  thalamus  and  cortex  may 
have  different  properties  than  that 
projecting  ventrally  into  the  substan- 
tia innominata.  The  latter  incidentally 
is  the  end  point  of  a fairly  massive 
olfactory  input  to  the  ventral  fore- 
brain so  that  taste  and  smell  come 
together  in  an  area  demonstrated 
to  have  an  important  role  in  feeding 
behavior. 

Of  particular  interest  are  the 
phylogenetic  relationships.  Figure 
1-18  shows  the  wide  distribution  of 
taste  buds  over  the  external  body  sur- 
face of  the  bottom  feeding  catfish.  In 
this  species  taste  can  function  as  an 
exteroceptor,  highly  adapted  to  the 
detection  of  nutrient  chemicals  in  its 
fluid  environment.  These  fish  also 
possess  taste  buds  in  the  more  usual 
locations,  the  oral  cavity  and  palate, 
their  only  locus  in  most  other  species. 
Paralleling  this  great  development  in 
number  and  location  of  taste  recep- 
tors is  a great  enlargement  of  the  gus- 


Figure 1-18.  Distribution  of  taste  buds  on 
skin  of  catfish.  Each  block  dot  represents  100 
taste  buds.  Higher  concentration  on  barbels 
indicated  by  solid  black.  (Reproduced  with 
permission,  Atema  ^.) 

tatory  apparatus  of  the  brain.  Figure 
1-19  is  a schematization  of  the  brain 
of  the  catfish.  C.J.  Herrick  studied  the 
brain  and  behavior  of  the  catfish  ex- 
tensively.^® In  fact,  this  figure  is  a trac- 
ing of  part  of  his  diagram  of  the 
seventh  cranial  nerve  input.  The 
Vllth  nerve  sensory  branch  supplies 
the  taste  buds  of  the  barbels,  lips  and 
external  body  surface.  The  taste  buds 
of  the  mouth  and  palate  of  the  catfish 
are  innervated  by  the  vagus  (Xth) 
cranial  nerve  (not  shown  in  the 
figure).  The  figure  shows  the  sensory 
fibers  of  the  Vllth  nerve  entering  the 
medulla  where  there  is  the  first  gus- 
tatory nucleus  corresponding  to  the 
first  gustatory  relay  of  the  nucleus  sol- 
itarius  of  mammals.  The  nerve  supply 
is  so  rich  that  the  facial  lobe  appears 
as  a distinct  enlargement  on  the  dor- 
sal medulla  of  the  catfish.  From  here 
the  fibers  stream  up  to  the  secondary 
gustatory  nucleus  located  near  the  an- 
terior cerebellum  whose  fibers  stream 
through  and  around  the  nucleus  in  a 
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Figure  1-19.  Partial  tracing  of  Vllth  nerve  taste  pathways  of  fish  brain.  (Re- 
produced from  Herrick 


manner  resembling  that  of  the  pon- 
tine taste  area  of  the  rat.  In  the  hsh 
this  is  a relatively  large  structure 
compared  with  its  small  size  in  the  rat. 
The  third  order  hbers  arise  from  the 
secondary  gustatory  nucleus  and  dis- 
tribute largely  to  the  ventral  lateral 
inferior  lobe,  the  analogue  of  the 
mammalian  hypothalamus.  Herrick 
was  very  interested  in  the  behavioral 
control  of  feeding  exerted  by  this  sys- 
tem. He  traced  a series  of  connections 
back  from  the  ventral  inferior  lateral 
lobe  to  the  brain  stem  involved  in 
feeding  reflexes. 

Atema  ^ carried  out  a very  interest- 
ing experiment.  In  one  group  of 
catfish,  he  selectively  ablated  the  facial 
lobe,  the  central  nucleus  of  the  Vllth 
nerve  innervating  most  of  the  body 
taste  receptors.  In  another  he  cauter- 
ized the  vagal  lobes  to  which  taste 
buds  of  the  mouth  cavity  project. 
After  recovery  the  fish  was  returned 
to  the  aquarium.  Normally  the  catfish 
is  very  adept  at  finding  all  kinds  of 
delicious  decaying  products  in  the 
somewhat  slowly  moving  streams  or 


bodies  of  water  it  inhabits.  Initially, 
the  facial  lobe  operated  fish  couldn’t 
find  food,  but  could  swallow  it  when 
placed  in  its  mouth.  Upon  removing 
the  vagal  lobe  the  animal  could  find 
food  but  didn’t  swallow.  The  be- 
havioral distinctions  are  very  interest- 
ing because  it  suggests  that  each  nerve 
and  its  receptive  field  controls  differ- 
ent clusters  of  feeding  reflexes. 

Macht  found  that  a chronic  de- 
cerebrate cat  couldn’t  feed  itself  nor 
select  nutrients  but  would  swallow  | 
when  food  was  placed  in  the  mouth.  1 
Meat  which  animals  normally  swallow  >; 
would  be  rejected  when  dipped  in  bit-  ■ 
ter  solution.  A sugar  impregnated  j 
pledget  of  cotton  would  be  accepted. 
Thus  the  decerebrate  mammal  has  i 
nearly  all  the  reflexes  for  ingestion  i 
organized  at  the  brain  stem  level.  We 
know  there  are  taste  systems  above  ! 
this  brain  level  and  one  might  well  ask  | 
what  additional  functions  they  add.  If  | 
one  bypasses  the  afferent  apparatus  ‘ 
entirely  by  means  of  a chronic  j 
stomach  tube  there  is  no  preference-  , 
aversion  in  the  rat.’’  Deficits  in  taste 
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thresholds  can  be  produced  by  lesions 
at  various  levels  of  the  central  taste 
system.  In  the  brain  stem  losses  are 
i permanent.  But  lesions  higher  in  the 
I system,  in  thalamus  and  especially  the 
! cortex,  show  less  severe  impairment 
i and  recovery  of  function  is  often  strik- 
! ing.  The  severity  of  induced  deficit 
,|  in  taste  guided  preference  and/or 
; discrimination  seems  to  indicate  a 
hierarchy  of  neural  mechanism 
extending  from  medulla,  through 
thalamus  to  cortex.  This  is  matched 
j by  indications  from  studies  of  the  re- 
I coverability  of  function.®  The  more 
cephalad  levels  of  the  nervous  system 
must  be  involved  in  searching  out, 
seeking  and  selecting  food,  in  control- 
ling instrumental  behaviors  to  bring 
the  tastant  to  the  sensory  fields  of  the 
hind  brain,  where  more  automatic  in- 
gestive  responses  are  organized. 
The  more  cephalad  components 
mediate  adaptability  and  learned 
modifications. 

Conditioned  taste  aversion  is  the 
most  recently  described  and  most 
dramatic  example  of  how  an 
evolutionarily  derived  preference,  as 
for  sweet,  can  be  reversed  to  the  point 
that  sweetness  will  be  avoided,  and 
aversion  replaces  avidity.  That  is  an 


extreme  instance  of  Professor 
LeMagnen’s  earlier  demonstrations 
that  preferences  for  nutrients  and 
sugar  can  be  increased  or  decreased 
by  their  nutritional  consequences. 
Paul  Rozin  has  admirably  doc- 
umented this  effect  in  learned  specific 
hungers.  This  post-ingestive  effect, 
both  metabolic  and  sensory  in  the  gas- 
tric and  lower  digestive  system,  not 
merely  modulates  preference  be- 
havior but  in  fact  can  alter  or  reverse 
what  “seems”  good  to  the  organism. 
The  taste  apparatus  is  preset  or  pre- 
tuned probably  genetically  for  the 
neonate  when  it  comes  into  the  world 
for  animal  or  man.  But  attached  to  or 
included  in  this  fundamental  pattern 
of  acceptance  and/or  rejection  mech- 
anisms is  the  potential  for  modifica- 
tion by  a “learning  like”  adaptation.  I 
say  “learning  like”  only  to  distinguish 
taste  learning  from  more  familiar  as- 
sociative learning  and  conditioning 
which  differs  in  a number  of  interest- 
ing parameters.  Perhaps  these  newly 
described  taste  pathways  in  mammals 
in  the  ventral  forebrain  via  the  pon- 
tine taste  nucleus  play  a particular 
role  in  such  influences.  All  this,  of 
course,  opens  up  another  very  excit- 
ing prospect  for  future  research. 
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DISCUSSION 


I Le  Magnen:  I have  a comment 
I about  this.  The  relationships  among 
brain  sites  are  of  great  importance  for 
the  concepts  of  energy  balance  and 
j sweet  preference. 

Pfaffmann:  In  mentioning  the 
j interaction  of  taste  and  the  projections 
I of  the  taste  system,  I am  well  aware 
I that  I didn’t  go  into  the  evidence  for 
! other  pathways.  There  are  other  con- 
I nections  with  the  olfactory  system. 
Indeed,  John  Scott  and  I described 


a pathway  directly  from  the  olfac- 
tory lobe  to  the  lateral  hypothalamus 
and  that  also  bifurcated  to  the  dorsal 
medial  thalamus.  The  relationship 
among  these  other  pathways  is  cer- 
tainly an  important  unanswered  ques- 
tion for  further  investigation. 

Jacobs:  I’d  like  to  comment  briefly 
on  your  suggestion  that  hyperosmol- 
ality might  be  one  of  the  shut-off  sig- 
nals inhibiting  intake  of  concentrated 
sucrose  solutions.  This  was  originally 
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suggested  by  the  early  work  of 
McCleary  ^ and  Shuford.^  I have  dis- 
cussed this  literature  in  detail  previ- 
ously,^’^ showing  that  hypertonic 
sugar  solutions  do  not  act  like  isosmotic 
NaCl  solutions  as  required  by  the 
hyperosmolality  theory.  An  example 
of  this  failure  is  provided  by 
LeMagnen’s  paper  in  this  symposium 
(p.  358,  Fig.  25-2)  when  he  showed 
that  hypertonic  NaCl  loads  increase 
water  intake  and  decrease  NaCl  in- 
take, but  fail  to  decrease  hypertonic 
sucrose  intake.  The  critical  experi- 
ment on  this  issue  was  completed  by 
Yin  and  Brobeck,®’®  who  showed  that 
intravenous  hypertonic  glucose  loads 
produced  only  minor  and  transient 
changes  in  serum  osmolality  in  com- 
parison to  isosmotic  hypertonic  NaCl 
loads.  These  findings  are  consistent 
with  the  behavioral  observation  ^ that 
unlike  NaCl,  a known  dehydrator, 
hypertonic  glucose  loads  fail  to  pro- 
duce thirst. 

Pfaffmann:  I am  glad  to  have  these 
comments  and  references. 

Steiner;  You  mention  the  vagal 
input  to  the  solitary  nucleus  area.  Be- 
cause of  this  vagal  input  you  would 
think  that  even  at  the  level  of  medulla 
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there  could  be  interactions  with  vis- 
ceral sensations  and  even  possibly 
sweet  or  sugar  information  from  the 
pancreas. 

The  other  remark  is  related  to  the 
observations  on  birds.  I don’t  believe 
that  all  birds  should  be  collected 
under  the  same  umbrella.  Birds  differ 
anatomically,  physiologically  and  be- 
haviorally.  Different  types  of  birds 
may  behave  differently  with  respect  to 
sweet  preference. 

Pfaffmann:  A while  ago  I thought  I 
was  on  the  track  of  an  interesting 
group  of  birds  called  honey  gliders, 
but  as  I read  more  about  them,  it 
turned  out  they  are  not  so  much  after 
the  honey,  as  the  wax  and  dead  bees 
and  other  insects  in  the  honey  comb. 
Unfortunately,  a “sweet  tooth”  for 
honey  seemed  not  to  be  important  in 
this  case. 

But  hummingbirds  have  a “sweet 
tooth.”  Most  nectars  are  composed  of 
sucrose,  glucose  and/or  fructose 
equivalent  to  0.24-2.10  M.  In  taste 
tests  hummingbirds  detect  differ- 
ences in  concentration.  But  they 
cannot  survive  on  sugar  alone;  the 
mixture  of  sugar  plus  insects  also  at- 
tracted by  the  nectar  provides  the  ad- 
ditional material  for  balanced 
nutrition.^ 

Rodin:  Let  me  comment  on 

Steiner’s  first  point.  Powley’s  ® recent 
work  shows  that  the  hypothalamic 
hyperphagic  syndrome  can  be  re- 
versed in  lesioned  rats  by  severing  the 
vagus.  Overeating  then  stops  and  the 
animal  returns  to  normal  weight. 

Steiner:  Considering  that  different 


’’  Pfaffmann,  C.:  Phylogenetic  origins  of  sweet  sensitiv- 
ity. In  Olfaction  and  Taste  V.  Academic  Press,  1975. 

" Powley,  T.L.  and  Opsahl,  C.A.:  Ventromedial 
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types  of  sensory  messages  related  to 
food  (gustatory,  olfactory,  tactile, 
hunger,  etc.)  might  reach  the  hypo- 
thalamic structures  and  from  this 
level  activate  motor  and  secretory 
processes  one  might  suggest  that  mas- 
tication, salivation,  or  the  complex  of 
“consumatory  behavior”  be  viewed  as 
processes,  not  necessarily  regulated 
by  cortical  structures.  It  is  obvious, 
that  cortical  influences  can  participate 
in  these  processes  and  modulate  them 
but  the  primary  regulation  is 
subcortical. 

Collier:  This  question  stems  from 
a bias  of  mine.  I have  always  been 
bothered  by  the  fact  that  most  prefer- 
ence experiments  examine  only 
carbohydrate  intake.  An  animal  also 
has  the  problem  of  protein  and  fat  to 
solve.  One  could  invent  an  asymmet- 
rical model  proposing  that  animals  eat 
protein  and  fats  only  when  they  are 
satiated  for  carbohydrates.  It  would 
assume  a taste  system  responsive  to 
carbohydrates  which  you  have  shown 
here  and  no  specific  system  for  pro- 
tein and  for  fat.  Such  an  asymmetrical 
model  is  implied  by  the  lack  of  inter- 
est most  investigators  seem  to  have  in 
the  intake  of  other  dietary  compo- 
nents when  they  are  studying  sugar 
intake.  It  seems  to  me,  however,  that 
you  can  not  assume  that  protein,  fat, 
and  sucrose  requirements  do  not 
interact  and  that  all  three  along  with 
other  dietary  requirements  are  repre- 
sented in  your  primary  sensory  sys- 
tem. Thus  sucrose  intake  must  be  . . . 
should  be,  a function  of  the  state  of 
the  organism  with  respect  to  other 
nutrients.  Contrary  to  mothers  and 
dietitians,  (rapidly  growing)  baby  rats 
select  the  highest  proportion  of  pro- 
tein in  the  diet  compared  to  all  other 
age  rats. 


Pfaffmann:  There  is  partial  evi- 
dence on  that,  I think.  You  are  quite 
right  in  implying  that  the  taste  inves- 
tigators have  neglected  the  rest  of  the 
natural  taste  spectrum.  But  I think 
there  is  pretty  good  evidence  that  the 
proteins  are  not  terribly  good  taste 
stimuli,  except  for  a few  recently  dis- 
covered sweet  proteins.  There  is  a 
question  of  whether  the  breakdown 
products  of  the  amino  acids  or  even 
polypeptides  are  involved.  Generally 
the  amino  acids  are  sweet.  As  a class, 
amino  acids  didn’t  seem  to  stimulate  a 
special  system.  They  ended  up 
stimulating  primarily  the  classical 
modalities  and  that  makes  protein 
self-selection  such  a puzzle.  As  far  as 
the  fatty  acids  or  anything  in  the  lipid 
side,  we  just  don’t  know. 

Richter:  I was  a bit  bothered,  as 
was  Dr.  Collier,  that  Dr.  Pfaffmann 
didn’t  mention  in  his  discussion  of  the 
evolution  of  the  sweet  taste  anything 
about  fats.  I bring  this  up  because  in 
our  experiments  we  found  many  in- 
stances in  which  there  is  an  inverse 
relationship  between  sweet  taste  and 
the  appetite  for  fats.  There  are  many 
instances.  One  of  the  best  is  seen  in 
the  pancreatectomized  animal  which 
ordinarily  shows  a very  marked  in- 
crease in  appetite  for  sugar,  but  if  you 
give  the  animal  access  to  olive  oil  at 
the  same  time,  the  sugar  intake  de- 
creases completely.  Many  birds  do 
have  a high  appetite  for  fat.  That’s 
why  you  give  them  suet.  It  can  be  that 
on  the  high  fat  diets,  they  just  don’t 
eat  sugar.  In  this  whole  discussion  of 
sweet  taste,  we  have  to  take  into  ac- 
count appetite  for  fats  and  also  pro- 
teins, but  you  can’t  just  leave  it  there. 
You  have  to  discuss  the  whole  or- 
ganism, the  whole  dietary  regime. 

Pfaffmann:  I quite  agree  that  in  the 
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total  economy  of  the  organism,  other 
interactions  occur  in  the  search  for 
calories.  My  main  point  was  not  that 
these  do  not  occur  but  that  in  many 
instances  we  can  point  to  sweetness  as 
an  identified  sensory  influence  and 
potent  initiator  of  acceptance  be- 


havior. Clarifying  the  whole  realm  of 
feedback  interactions  of  visceral  and 
metabolic  status  with  the  sense  of  taste 
is  an  exciting  prospect  opened  to  us 
by  the  discovery  of  the  ventral  taste 
pathway  originating  in  the  pons. 


Chapter  2 


THE  DISTINCTIVENESS  OF  RESPONSES  TO 

SWEET  IN  THE 
CHORDA  TYMPANI  NERVE 


Marion  Frank 


The  view  of  the  specifictiy  with 
which  mammalian  taste  nerve  fibers 
respond  has  been  changing.  In  the 
past,  the  broadness  of  the  tuning  of 
peripheral  neural  elements  was  em- 
phasized and  it  seemed  as  if  nearly 
every  fiber  would  respond  to  every 
test  stimulus.  Now,  however,  it  ap- 
pears that  there  is  much  more  selectiv- 
ity. Sensitivities  often  occur  together 
in  clusters  and  the  occurrence  of  one 
sensitivity  allows  prediction  of  the  ab- 
sence or  presence  of  others.  Many 
fibers  show  a considerable  differential 
sensitivity  to  the  four  test  stimuli 
which  represent  the  taste  qualities  of 
man.  Thus,  a fiber’s  response  to  a 
salty  stimulus  may  be  twenty-  or  even 
fifty  fold  greater  than  its  response  to  a 
sour,  bitter,  or  sweet  stimulus.  In  fact, 
it  proves  enlightening  to  group  fibers 
together  on  the  basis  of  which  of  the 
taste  qualities  elicits  the  largest  re- 
sponse rather  than  considering  each 
fiber  individually. 

The  change  of  view  was  largely  due 
to  an  accumulation  of  observations. 
Electrophysiological  recordings  of 
many  single  taste  fiber  responses  to 
more  stimuli  gave  a fuller  picture  of 
the  distribution  of  their  sensitivities. 


Some  similarities  and  differences  in 
the  chemicals  various  species  be- 
haviorally  group  together  on  the  basis 
of  evoked  taste  quality  were  also  de- 
termined. But  it  was  the  characteris- 
tics of  the  sweet  taste  which  proved  to 
be  most  influential.  There  are  mam- 
malian taste  fibers  which  respond  very 
selectively  to  sweet  solutions.  Sweet  is 
a most  distinct  taste  quality  and  sweet 
sensitivities  prove  to  be  more  dis- 
tinctly represented  in  chorda  tympani 
taste  fiber  responses  than  salty,  sour, 
or  bitter  sensitivities. 

Species  differences  in  sensitivity 
to  sweet 

The  chorda  tympani  nerve  inner- 
vates taste  receptors  on  the  front  of 
the  tongue  where  man’s  greatest  sen- 
sitivity to  sweet  substances  resides. 
However,  the  rat  chorda,  on  which 
earlier  studies  of  single  taste  nerve 
fibers  focussed,  is  not  particularly  sen- 
sitive to  sweet.  For  instance,  the  sum- 
mated  response  of  this  whole  nerve  to 
sucrose  is  small  and  its  threshold  is 
high.  The  response  to  1.0  M sucrose  is 
one-fifth  the  size  of  the  response  to 
.05  M sodium  chloride  and  the  su- 
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crose  threshold  concentration  is 
greater  than  0. 1 M.^  The  rat  chorda  is 
highly  sensitive  to  salts. 

There  are  other  species  whose 
chorda  tympani  nerves  show  a much 
greater  sweet  sensitivity.  Two  of  these 
are  the  hamster  and  squirrel  monkey. 
Where  the  rat  chorda  response  to  0.1 
M sucrose  is  less  than  20  percent  of 
the  size  of  its  response  to  equimolar 
sodium  chloride;  ® in  the  hamster  the 
sucrose  response  is  50  percent  ^ and 
in  the  squirrel  monkey  it  is  40  per- 
cent ^ of  the  salt  response. 

Along  with  the  slight  whole  nerve 
response  to  sweet,  there  is  also  a 
dearth  of  single  nerve  fibers  which  re- 
spond vigorously  to  sweet  substances 
in  the  rat  chorda  tympani.  Where  half 
of  a sample  of  50  rat  chorda  fibers 
respond  strongly  to  salt  (0.1  M NaCl), 
and  nearly  all  respond  somewhat  to 
salt;  only  15  percent  respond  well  to 
sucrose  (0.5  M),  and  half  respond  at 
all  to  sucrose.^  In  the  hamster,  on  the 
other  hand,  65  percent  of  a sample  of 
27  fibers  respond  to  salt,  only  30  per- 
cent respond  strongly;  but  nearly  80 
percent  of  the  fibers  respond  to  su- 
crose and  45  percent  respond 
strongly.^ 

Classic  view  of  taste  nerve 
fiber  specificity 

It  is  evident  from  the  response  per- 
centages just  noted  that  many  taste 
nerve  fibers  respond  to  more  than 
one  taste  quality.  In  fact,  classical  ob- 
servation is  that  single  mammalian 
taste  fibers  are  sensitive  to  chemicals 
which  taste  very  different  to  man.  Al- 
though some  fibers  respond  to  stimuli 
of  just  one,  most  respond  to  stimuli  of 
two,  three,  or  all  four  taste  qualities. 
For  instance,  82  percent  of  a sample 


of  76  rat  and  hamster  chorda  tympani 
nerve  fibers  responded  to  more  than 
one  taste  quality.^  That  is,  single 
mammalian  taste  fibers  typically  are 
not  specific  for  solutions  which  are  of 
just  one  of  the  taste  qualities  (sweet, 
salty,  sour,  and  bitter)  established  for 
man. 

Although  they  are  non-specific,  in- 
dividual taste  fibers  do  not  all  have 
similar  response  profiles;  and  most  of 
them  do  not  have  profiles  which 
mimic  the  sensitivity  profile  of  the 
whole  nerve  of  the  species.  For  in- 
stance, one  fiber  will  respond  just  to 
salts  and  acids,  another  just  to  sugars 
and  salts,  but  another  to  salts,  acids, 
and  bitter  stimuli.  So,  instead  of  a few 
types  of  specific  fibers:  one  mediating 
sweet,  one  salty,  one  sour,  and  one 
bitter;  there  appear  to  be  many  types  j 
of  relatively  non-specific  fibers,  each  j 
with  its  own  individual  response  pro-  j 
file.  Thus,  the  classical  view  is  that  | 
single  mammalian  taste  fibers  are  i 
broadly  tuned  across  quality  and  their  i 
response  profiles  do  not  fall  into  a j 
small  number  of  simple  classes  with  i 

identical  characteristics.®’^  j 

Choice  of  test  stimuli  ' 

,1 

Four  stimuli  have  been  used  for 
much  of  the  testing  of  single  taste  | 

fiber  sensitivities.  They  have  been  one 
intensity  each  of  sucrose,  sodium  j 
chloride,  hydrochloric  acid,  and  ; 

quinine  hydrochloride.  The  chosen  | 

intensities  of  these  compounds  have  ; 
often  been  very  strong,  at  or  near  the  . 
molarity  evoking  the  maximal  whole 
nerve  response.  With  such  intense  ! 
stimuli  the  greatest  possible  number  f 
of  fibers  will  be  driven  to  their  highest  | 
response  levels.  In  the  present  work,  i 
test  intensities  of  the  common  taste  ' 
solutions  were  in  the  middle  of  , 


I 
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the  effective  concentration  range  lar  species.  These  less  intense  stimuli 
bounded  by  threshold  and  maximal  would  be  expected  to  have  more  selec- 
whole  nerve  response  for  the  particu-  tive  effects  on  individual  taste  fibers. 


A CLASSIFICATION  OF  TASTE  FIBERS  BY  THEIR  BEST  RESPONSE 


Stimulus  intensity  and 
response  magnitude 

Figure  2-1  is  a plot  of  stimulus  con- 
centration versus  response  (number 
of  nerve  impulses  in  five  seconds)  for 
two  single  hamster  chorda  tympani 
nerve  fibers  to  the  four  common 
tastes.^  The  encircled  points  are  for 
test  intensities.  For  effective  com- 
pounds, each  fiber’s  response  in- 
creases with  concentration;  but  some 
compounds  are  not  effective  even  at 
the  strongest  concentrations  used.  Of 
the  four  test  stimuli  (0.1  M sucrose, 
.03  M sodium  chloride,  .003  M hy- 
drochloric acid,  and  .001  M quinine 
hydrochloride),  fiber  A responds  best 
to  salt  but  also  responds  a little  to  acid 
and  sugar;  whereas,  fiber  B responds 
best  to  sucrose,  also  responds  quite 
strongly  to  salt,  but  does  not  respond 
to  acid.  Neither  fiber  responds  to 
quinine.  Responses  to  test  stimuli  are 
used  to  highlight  the  sensitivities  of 
a fiber  and  constitute  its  response 
profile. 

Figure  2-2  is  a similar  plot  for  two 
squirrel  monkey  chorda  tympani 
nerve  fibers.^  In  this  case,  however, 
the  responses  of  both  fibers  (A  and  B) 
to  the  test  intensities  are  plotted  in  an 
inset  conventional  response  profile  bar 
graph  in  which  5 represents  sucrose 
(0.5  M);  N,  sodium  chloride  (0.3  M); 
H,  hydrochloric  acid  (.01  M);  and  Q, 
quinine  hydrochloride  (.003  M). 

Fiber  A responds  very  well  to  salt 
and  a little  to  sucrose;  fiber  B responds 
very  well  to  sucrose  and  a little  to  salt; 


Log^Q  molarity  of  stimulus 

Figure  2-1.  The  response  (number  of  nerve 
impulses  in  5 sec.)  of  two  (A  and  B)  hamster 
chorda  tympani  nerve  fibers  as  a function  of 
logio  molarity  of  four  tastes;  sucrose,  NaCl, 
HCl,  and  quinine  hydrochloride.  Points  for; 
responses  to  test  molarities  are  encircled. 
(From  Frank, ^ with  permission  of  The 
Rockefeller  University  Press) 

but  neither  fiber  responds  to  either 
acid  or  quinine. 

Thus,  it  is  typical  for  single  taste 
nerve  fibers  to  respond  more  vigor- 
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A B 


Figure  2-2.  The  response  (number  of  nerve  impulses  in  5 sec.)  of  two  (A  and  B) 
squirrel  monkey  chorda  tympani  nerve  fibers  as  a function  of  logio  molarity  of 
four  tastes:  sucrose,  NaCl,  HCl,  and  quinine  hydrochloride.  Insets  are  response 
profile  histograms  for  test  molarities:  0.5  sucrose  (S),  0.3  NaCl  (N),  .01  HCl  (H), 
and  .003  quinine  (Q).  (From  Pfaffmann,  Frank,  Bartoshuk,  and  Snell, ^ with 
permission  of  Academic  Press) 

ously  to  stronger  stimuli.  However, 
some  compounds  are  much  more  ef- 
fective in  eliciting  responses  in  an  in- 
dividual fiber  than  other  compounds 
throughout  the  dynamic  intensity 
range.  Which  compound  is  more  ef- 
fective, and  how  much  more  effective 
it  is,  depends  on  the  particular  fiber 
sampled. 

Response  profiles  based  on  the 
best  of  four  tastes 

Instead  of  representing  response 
profiles  of  each  nerve  fiber  in  indi- 
vidual sets  of  bar  graphs;  comparable 
profiles  can  be  plotted  as  line  graphs 
(each  line  connecting  response  points 
of  one  fiber)  and  superimposed  one 
over  the  other  and,  thus,  immediately 
compared.  The  profiles  of  the  five 


hamster  chorda  tympani  fibers  which, 
of  the  79  sampled,  gave  the  largest 
responses  to  A,  sodium  chloride;  B, 
hydrochloric  acid;  C,  sucrose;  and  D, 
quinine  hydrochloride  are  repre- 
sented in  Figure  2-3.^  Each  line  rep- 
resents the  response  profile  across  the 
test  intensities  of  sucrose  (S),  sodium 
chloride  (N),  hydrochloric  acid  (//), 
and  quinine  (Q). 

The  fibers  that,  relative  to  the  other 
fibers,  give  the  largest  response  to  salt 
respond  better  to  salt  than  to  any  of 
the  other  tastes.  Their  second  best  re- 
sponse is  to  acid.  Similarly,  the  largest 
responses  to  acid  come  from  acid  best 
fibers,  and  these  fibers  respond  sec- 
ond best  to  salt.  However,  four  of  the 
five  fibers  most  sensitive  to  quinine 
respond  better  to  acid  than  to 
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Figure  2-3.  Response  profiles  across  four 
tastes:  0.1  M sucrose  (S),  .03  M NaCl  (N),  .003 
M HCl  (H),  and  .001  M quinine  hydro- 
chloride (Q)  of  20  hamster  chorda  tympani 
nerve  fibers.  These  profiles  are  for  5 fibers 
which  responded  most  strongly  to  NaCl  (A), 
HCl  (B),  sucrose  (C),  or  quinine  (D)  of  79 
fibers  sampled.  The  response  measure  is  the 
number  of  nerve  impulses  in  the  first  5 sec.  of 
response.  The  dashed  line  at  a response  level 
of  20  represents  an  arbitrary  threshold. 
(From  Frank, ^ with  permission  of  The 
Rockefeller  University  Press). 

quinine.  The  five  fibers  most  sensitive 
to  sucrose  all  give  their  best  response 
to  sucrose,  one  of  these  giving  a 
nearly  equal  response  to  salt. 

Figure  2-4  shows  comparable  re- 
sponse profiles  of  squirrel  monkey 
chorda  tympani  fibers.^  These  are 
profiles  for  20  of  the  more  sensitive  of 
the  45  fibers  sampled  and  are 
grouped  according  to  which  one  of 
the  four  tastes  elicited  their  largest  (or 
best)  response.  Fibers  in  the  same  cat- 
egory, either  salt-best  (A),  acid-best 


(B),  or  sucrose-best  (C),  have  similar 
response  profiles.  Profiles  for  two 
fibers  which  do  not  show  one  of  the 
three  more  typical  response  patterns, 
along  with  profiles  for  three  quinine- 
best  fibers,  are  also  plotted  (D).  Note 
the  relatively  specific  response  to  su- 
crose of  four  of  five  fibers  in  the 
sucrose-best  category  and  the  one 
fiber  of  the  group  which  responds 
equally  to  sodium  chloride,  a result 
nearly  identical  to  that  which  obtains 


Figure  2-4.  Response  profiles  across  four 
tastes:  0.5  M sucrose  (S),  0.3  M NaCl  (N), 
.01  M HCl  (H),  and  .003  M quinine  hydro- 
chloride (Q)  of  20  squirrel  monkey  chorda 
tympani  nerve  fibers.  These  profiles  are  for 
the  more  sensitive  of  45  fibers  sampled  which 
responded  best  to  (A)  NaCl,  (B)  HCl,  (C)  su- 
crose, or  (D)  quinine  of  the  four  tastes;  or, 
also  (D),  showed  unusual  profiles.  The  re- 
sponse measure  is  the  number  of  nerve  im- 
pulses in  the  first  5 sec.  of  response.  (From 
Frank,^  with  permission  of  D.  Reidel  Publish- 
ing Co.) 
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for  hamster  sucrose-best  chorda 
hbers. 

If  responses  of  the  chorda  tympani 
hbers  of  each  species  which  respond 
best  to  sucrose  of  the  four  tastes  are 
averaged,  and  likewise,  responses  for 
hbers  which  respond  best  to  salt  or 
acid;  mean  response  prohles  result. 
If,  however,  responses  of  each  hber 
are  hrst  expressed  as  a percentage  of 
the  hber’s  best  response,  the  average 
percentage  of  best  response  prohles 
in  Figure  2-5  result.^  Too  few 
quinine-best  hbers  are  sampled  from 


Squirrel  Monkey 


Hamster 


Figure  2-5.  Mean  relative  response  profiles  of 
squirrel  monkey  and  hamster  chorda  tym- 
pani nerve  fibers  across  four  tastes:  0.5  M 
sucrose  (S),  0.3  M NaCl  (N),  .01  M HCl  (H), 
and  .003  M quinine  hydrochloride  (Q)  for 
squirrel  monkey;  and  0.1  M sucrose,  .03  M 
NaCl,  .003  M HCl,  and  .001  M quinine  hy- 
drochloride for  hamster  fibers.  The  nerve 
fibers  of  each  species  which  responded  best 
(greatest  number  of  impulses  in  5 sec.)  to 
sucrose  (squirrel  monkey,  n=15;  hamster, 
n = 20),  NaCl  (squirrel  monkey,  n=ll;  ham- 
ster, n = 42),  or  HCl  (.squirrel  monkey,  n=10; 
hamster,  n=17)  of  the  four  tastes  were 
grouped  together.  Responses  of  each  fiber  to 
the  four  tastes  were  expressed  as  percentages 
of  the  best  response  and  the  mean  percent- 
ages for  each  group  plotted.  (From  Frank,"* 
with  permission  of  D.  Reidel  Publishing  Co.) 


either  nerve  to  warrant  an  average  re- 
sponse prohle.  The  mean  relative  re- 
sponses of  sucrose-best  hbers  of  the 
chorda  tympani  nerves  of  both  species 
across  the  four  tastes  are  nearly  iden- 
tical. Sucrose-best  hbers  respond 
second-best  to  salt  and  very  little  to 
acid  or  quinine.  However,  where 
salt-best  hbers  of  the  squirrel  monkey 
respond  second-best  to  sucrose; 
hamster  salt-best  hbers  respond 
second-best  to  acid.  The  mean  relative 
response  of  squirrel  monkey  salt-best 
chorda  hbers  to  sucrose  is  half  the  size 
of  the  response  to  salt;  for  hamster 
hbers  in  the  same  category  it  is  only  a 
quarter.  Squirrel  monkey  salt-best 
hbers,  therefore,  contribute  more  to  a 
response  to  sucrose  than  do  hamster 
salt-best  hbers. 

Profiles  which  include  responses 
to  other  stimuli 

Responses  to  two  additional  stimuli 
were  included  in  hamster  chorda 
tympani  profiles  and  Figure  2-6 
shows  the  results:  profiles  for  the 
eight  most  responsive  sucrose-best,A, 
and  salt-best, B,  fibers  which  were  also 
tested  with  0.3  M fructose  {F)  and 
.03  M ammonium  chloride  (A).^  The 
stimuli  are  ordered  along  the  abscissa 
according  to  their  effectiveness  in 
sucrose-best  fibers.  The  heavier  line 
connects  mean  points.  Fibers  in  the 
same  response  category  have  similar 
profiles  across  six  stimuli  as  they  did 
across  four.  Hamster  sucrose-best 
fibers  are  rather  specific  for  sweets; 
fructose  eliciting  the  second-largest 
mean  response  and  the  response  to 
sodium  chloride,  the  third  largest, 
being  the  only  other  of  considerable 
size.  Hamster  salt-best  chorda  fibers 
respond  second-best  to  acid  and  only 
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Figure  2-6.  Response  profiles  across  six  tastes:  0.1  M sucrose  (S),  0.3  M fructose 
(F),  .03  M NaCl  (N),  .003  M HCl  (H),  .03  M NH4CI  (A),  and  .001  M quinine 
hydrochloride  (Q)  of  16  hamster  chorda  tympani  nerve  hbers,  8 of  which 
responded  best  to  (A)  sucrose,  and  8 to  (B)  NaCl  of  the  four  tastes:  sucrose, 
NaCl,  HCl,  or  quinine.  The  hbers  most  sensitive  to  sucrose  (A)  or  NaCl  (B)  are 
plotted  of  totals  of  1 1 sucrose-best  and  24  salt-best  hbers  sampled.  The  response 
measure  is  the  number  of  nerve  impulses  in  the  hrst  5 sec.  of  response.  The 
points  connected  by  heavier  lines  are  means.  The  mean  order  of  effectiveness  of 
stimuli  in  the  sucrose-best  hbers  determined  their  order  along  the  abscissa. 
(From  Frank,^  with  permission  of  D.  Reidel  Publishing  Co.) 


slightly  to  the  other  four  stimuli, 
ij  Comparable  plots  (including  re- 
j sponses  to  the  additional  compounds) 
for  squirrel  monkey  sucrose-  and 
I salt-best  chorda  tympani  nerve  fibers 
I are  shown  in  Figure  2-7.^  Again, 
fibers  in  the  same  category  have  simi- 
lar profiles.  However,  squirrel  mon- 
key sucrose-best  fibers  respond  better 
to  fructose  than  do  hamster  fibers  in 
j this  category.  In  fact,  both  sucrose- 
and  salt-best  squirrel  monkey  chorda 
fibers  respond  well  to  fructose  (0.5  M). 


The  two  sugars  (sucrose  and  fruc- 
tose), however,  have  different  relative 
effectivenesses  in  the  two  categories 
of  squirrel  monkey  nerve  fibers.  Su- 
crose is  more  effective  than  equimolar 
fructose  in  sucrose-best  fibers;  but 
fructose  is  the  more  effective  of  the 
two  in  salt-best  fibers.  Also,  the  salt- 
best  fiber  of  the  squirrel  monkey  re- 
sponds very  well  to  ammonium 
chloride  (0.3  M).  Ammonium  chlo- 
ride is,  in  fact,  more  effective 
than  equimolar  sodium  chloride  for 


Response  (5  sec ) 
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most  squirrel  monkey  salt-best  fibers. 
Hamster  salt-best  fibers  do  not  re- 
spond well  to  either  fructose  or  am- 
monium chloride. 

Summary 

Examination  of  response  profiles 
for  hamster  and  squirrel  monkey 


chorda  tympani  fibers  shows  that  they 
are  broadly  tuned  across  quality  and 
that  their  sensitivities  vary  quantita- 
tively from  one  fiber  to  the  next.  Both 
of  these  findings  are  in  accord  with 
the  classical  view  of  taste  fiber  sen- 
sitivities. However,  clusters  of  sensitiv- 
ities commonly  appear  together  in 


Squirrel  monkey 


Figure  2-7.  Response  profiles  across  six  tastes:  0.5  M sucrose  (S)  and  fructose  (F), 
0.3  M NH4CI  (A)  and  NaCl  (N),  .01  M HCl  (H),  and  .003  M quinine  hydro- 
chloride (Q)  of  16  squirrel  monkey  chorda  tympani  nerve  fibers,  8 of  which 
responded  best  to  (A)  sucrose  and  8 to  (B)  NaCl  of  the  four  tastes:  sucrose,  NaCl, 
HCl,  or  quinine.  The  fibers  whose  profiles  are  plotted  are  those  most  sensitive  to 
sucrose  of  1 1 sucrose-best  fibers  and  the  8 salt-best  fibers  sampled.  The  response 
measure  is  the  number  of  nerve  impulses  in  the  first  5 sec.  of  response.  The 
points  connected  by  heavier  lines  are  means.  The  mean  order  of  effectiveness  of 
stimuli  in  the  sucrose-best  fibers  determined  their  order  along  the  abscissa. 
(From  Frank,^  with  permission  of  D.  Reidel  Publishing  Co.) 
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single  fibers  of  each  species  although  spond  best  to  sucrose  of  four  tastes 
sensitivity  clusters  differ  across  (the  sucrose-best).  Sensitivity  to  sweet 
species.  Also,  and  in  particular,  a sen-  also  occurs,  but  to  a lesser  extent,  to- 
sitivity  to  sweet  occurs  at  its  greatest  gether  with  a strong  sensitivity  to  salts 
and  nearly  alone  in  fibers  which  re-  in  the  salt-best  fibers. 

THE  DISTRIBUTION  OF  QUALITY  SENSITIVITIES  ACROSS  FIBERS 


Comparison  with  random 
distribution 

The  selective  manner  in  which  one 
sensitivity  is  distributed  among  single 
taste  fibers  can  be  demonstrated  by 
comparing  the  observed  numbers  of 
particular  combinations  of  sen- 
sitivities with  those  which  would  be 
expected  if  combinations  were  ran- 
dom. Table  2-1  lists  each  possible  re- 
sponse profile,  the  number  of  times  it 
occurs  in  79  hamster  chorda  tympani 
fibers,  and  the  number  of  times  it 
would  occur  if  combinations  were 
random.^  In  each  case,  the  response 
profile  letter  indicates  that  a response 

TABLE  2-1 

DISTRIBUTION  OF  HAMSTER 
CHORDA  TYMPANI  RESPONSE 
PROFILES  TO  FOUR  TASTES 


Number  of  Fibers 

Response  Profile  Observed  Predicted 


_ 

_ 

_ 

8 

5.7 

s 

- 

- 

- 

9 

3.7 

- 

N 

- 

- 

12 

14.8 

- 

- 

H 

- 

2 

5.3 

- 

- 

- 

Q 

0 

1.3 

s 

N 

- 

- 

9 

9.5 

s 

- 

H 

- 

2 

3.4 

s 

- 

- 

Q 

0 

0.8 

- 

N 

H 

_ 

14 

13.7 

- 

N 

- 

Q 

2 

3.3 

- 

- 

H 

Q 

1 

1.2 

s 

N 

H 

_ 

9 

8.7 

s 

N 

- 

Q 

0 

2.1 

s 

- 

H 

Q 

0 

0.7 

- 

N 

H 

Q 

10 

3.0 

s 

N 

H 

Q 

1 

1.9 

A response  to  sucrose,  NaCl,  HCl,  or  quinine  is 
indicated  by  S,  N,  H,  or  Q,  respectively,  and  no 
response  by 


criterion  of  three  times  the  spontane- 
ous response  rate  was  reached.  Com- 
binations of  sensitivities  would  be 
random  if  they  could  be  predicted 
from  the  proportions  of  fibers  in  the 
sample  showing  each  individual  sen- 
sitivity. These  proportions  were:  0.39 
for  sucrose  or  S,  0.72  for  sodium 
chloride  or  N,  0.48  for  hydrochloric 
acid  or  H,  and  0.18  for  quinine  or  Q. 
For  example,  the  predicted  value  for 
the  profile  -N--  is  (0.61)  (0.72) 
(0.52)  (0.82)  X 79  = 14.8  fibers.  It  is 
the  probability  of  a fiber  in  the  sample 
not  • responding  to  sucrose  (1.00  — 
0.39  = 0.61),  responding  to  sodium 
chloride  (0.72),  and  not  responding  to 
hydrochloric  acid  (1.00  — 0.48  = 
0.52)  or  quinine  (1.00  — 0.18  = 0.82) 
multiplied  by  the  number  of  fibers  in 
the  sample  (79).  Notice  the  largest  de- 
viations from  random  combination: 
(1)  a sucrose  sensitivity  occurs  alone 
too  often  (there  are  9 5 fibers  which 
respond  just  to  sucrose,  only  4 were 
predicted)  and  (2)  sensitivities  to  the 
other  stimuli  occur  together  too  often 
(there  are  10  NHQ^  fibers  which  re- 
spond to  sodium  chloride,  hydro- 
chloric acid,  and  quinine,  but  not 
to  sucrose;  only  3 were  predicted). 

Consideration  of  the  frequencies 
with  which  pairs  of  sensitivities  are 
combined  in  single  hamster  chorda 
tympani  fibers  yields  the  similar  result 
seen  in  Table  2-11.^  The  predicted 
number  of  fibers  which  would  show 
each  random  sensitivity  combination 
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TABLE  2-III 


DISTRIBUTION  OE  SENSITIVITIES  TO 
TASTE  STIMULUS  PAIRS  AMONG 
HAMSTER  CHORDA  TYMPANI 
EIBERS 


Number  of  Fibers 

Response  Combination  Observed  Predicted 


Sucrose,  NaCl 

19 

22.2 

Sucrose,  HCl 

12 

14.8 

Sucrose,  Quinine 

1 

5.5 

NaCl,  HCl 

34 

27.3 

NaCl,  Quinine 

13 

10.2 

HCl,  Quinine 

12 

6.8 

is  calculated  by  multiplying  appro- 
priate whole  sample  proportions  by 
the  number  of  fibers  in  the  sample. 
For  example,  the  number  of  fibers 
which  would  show  the  sucrose-acid 
random  combination  is  (0.39)(0.48)  X 
79  = 14.8;  but  the  number  of  fibers 
which  were  observed  to  have  this  pair 
of  sensitivities  is  12. 

A sensitivity  to  sucrose  combines 
with  each  of  the  other  sensitivities  too 
few  times;  and  conversely,  the  other 
three  sensitivities  are  paired  together 
too  frequently  for  the  distribution  to 
be  random.  Altogether,  there  are  10 
fewer  pairings  with  sucrose  and  15 
more  pairings  of  tastes  other  than 
sucrose  than  were  predicted.  This 
shows  the  sucrose  sensitivity  in  ham- 
ster chorda  tympani  nerve  fibers  to  be 
more  distinct  than  sensitivities  to  the 
other  three  tastes.  These  three  are  all 
less  distinct  and  less  separate  from 
each  other. 

Across  fiber  response  correlations 

Table  2-1 II  gives  rank-difference 
correlation  coefficients  between  re- 
sponses of  hamster  chorda  tympani 
fibers  for  the  six  pairs  of  the  four 
tastes.'^  The  correlations  between  re- 
sponses to  sucrose  and  any  other  taste 


RANK-DIFEERENCE  CORRELATIONS 
BETWEEN  RESPONSES  OF  HAMSTER 
CHORDA  TYMPANI  FIBERS  TO 
FOUR  TASTES 


NaCl 

HCl 

Quinine 

Sucrose 

-0.12 

-0.26 

-0.11 

NaCl 

+ 0.51 

+ 0.41 

HCl 

+ 0.58 

N = 79,  Tj  s=  ± 0.30,  p "S  0.01,  t test. 


are  uniformly  negative  and  not  statis- 
tically significant.  In  contrast,  all  cor- 
relations between  responses  to  pairs 
of  the  three  other  tastes  are  positive 
and  statistically  significant.  The  nega- 
tive correlations  between  a sucrose 
sensitivity  and  a sensitivity  to  each  of 
the  other  stimuli  indicate  that  sizable 
sucrose  responses  occur  in  fibers 
whose  responses  to  the  other  stimuli 
are  all  small.  The  significant  positive 
correlations  between  responses  to  the 
other  three  tastes  indicate  that  these 
sensitivities  are  less  likely  to  occur  at 
their  greatest  alone.  They  are  less 
separate  from  each  other  than  from 
the  sucrose  sensitivity.  In  the  hamster 
chorda  tympani,  then,  the  sucrose  or 
sweet  sensitivity  is  the  most  distinct  of 
sensitivities  to  taste  stimuli  which  rep- 
resent man’s  four  taste  qualities. 

Table  2-IV  presents  the  correla- 
tions of  responses  to  sucrose  and  to 
hydrochloric  acid  with  responses  to 
all  other  test  stimuli.^  The  correlations 
are  ordered  from  greatest  positive  to 
greatest  negative  for  both  sucrose  and 
acid.  Sucrose  responses  are  signifi- 
cantly correlated  across  fibers  only 
with  responses  to  fructose  and  saccha- 
rin, i.e.,  those  stimuli  which  also  taste 
sweet  to  man.  Responses  to  bitter,  salt, 
and  acid  stimuli  are  progressively 
more  negatively  correlated  with  su- 
crose responses.  In  contrast,  hydro- 
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TABLE  2-IV 

ORDERED  RANK-DIFFERENCE 
CORRELATIONS  BETWEEN 
RESPONSES  OF  HAMSTER  CHORDA 
TYMPANI  FIBERS  TO  SUCROSE  OR 
HYDROCHLORIC  ACID  AND  OTHER 
TASTES 


Sucrose 

HCl 

Fructose 

+0.77 

Citric  acid 

+0.82 

Saccharin 

+ 0.61 

Acetic  acid 

+ 0.75 

Urea 

+ 0.14 

KCl 

+0.59 

MgS04 

-0.03 

NH4CI 

+0.58 

Quinine 

-0.11 

Quinine 

+0.58 

NaCl 

-0.12 

MgS04 

+0.57 

KCl 

-0.14 

NaCl 

+ 0.51 

NaNOs 

-0.19 

NaNOa 

+0.49 

NH4CI 

-0.21 

Urea 

+0.47 

Acetic  acid 

-0.25 

Saccharin 

-0.11 

HCl 

-0.26 

Fructose 

-0.16 

Citric  acid 

-0.36 

Sucrose 

-0.26 

N = 79  for  sucrose,  NaCl,  HCl,  and  quinine;  rj  > ±0.30; 
or  N = 46-49  for  other  stimuli;  rs  &±0.37;  p<0.01,  t test. 


i chloric  acid  responses  are  signifi- 
Ij  cantly  positively  correlated  with  re- 
sponses to  all  non-sweet  stimuli.  The 
order  of  hydrochloric  acid  response 
correlations  is  nearly  opposite  the 
' order  of  sucrose  correlations;  with 
sweet  stimuli  yielding  the  only  nega- 
tive and  statistically  non-significant 
; correlations,  and  the  organic  acids  the 


of  Chorda  Tympani 

most  highly  positive  significant  corre- 
lations with  hydrochloric  acid.  This  il- 
lustrates that  a general  sweet  sensitiv- 
ity, not  just  the  sucrose  sensitivity,  is 
more  distinct  than  sour  or  other  non- 
sweet sensitivities  in  the  hamster 
chorda  tympani. 

Taste  quality  profiles 

Similarities  in  distribution  of  re- 
sponses to  sweet  stimuli  and  their 
difference  from  distributions  of  re- 
sponses to  salty,  sour,  and  bitter 
stimuli  can  be  depicted  with  correla- 
tion taste  profiles.^  In  such  plots,  the 
four  tastes  are  taken  as  taste  quality 
prototypes  and  correlations  with  them 
as  measures  of  the  extent  a stimulus  is 
of  that  quality.  In  Figure  2-8  note  the 
similarity  in  profile  for  the  three  sweet 
(sucrose,  fructose,  saccharin)  or  for 
other  stimuli  which  are  of  the  same 
taste  quality  to  man.  The  greatest  dif- 
ferences are  between  profiles  for 
sweet  and  non-sweet  stimuli.  The 
quality  profiles  for  non-sweet  stimuli 
are  all  more  like  one  another  than 
they  are  like  any  of  the  three  profiles 
for  sweet  stimuli. 


DISCOVERING  DIMENSIONS  OF  TASTE  QUALITY 


Unlike  other  senses,  such  as  vision 
or  audition,  taste  has  no  one  obvious 
physical  or  chemical  stimulus  dimen- 
sion which  can  be  varied  to  effect 
changes  in  perceived  quality.  R.P. 
Erickson  and  his  colleagues  have 
analyzed  taste  nerve  fiber  responses  in 
attempts  to  discover  the  effective 
stimulus  variables.^’®  The  Schiffman- 
Falkenberg  multidimensional  scaling 
technique,  which  has  been  focussed 
on  of  late,  positions  both  taste  stimuli 
and  taste  fibers  in  the  same  Euclidean 
taste  space.  Dimensions  of  the  space 


are  determined  by  principle  compo- 
nent factor  analysis  of  responses  of  all 
fibers  to  all  stimuli.  Stimuli  which  af- 
fect the  same  fibers  to  the  same  rela- 
tive extent  are  placed  near  to,  and 
stimuli  which  affect  different  fibers 
far  from,  each  other  in  the  space.  Fi- 
bers are  placed  closest  to  stimuli  to 
which  they  respond  most  and  farthest 
from  stimuli  to  which  they  respond 
least. 

Figure  2-9  shows  the  taste  space  for 
responses  of  40  hamster  chorda  tym- 
pani nerve  fibers  to  13  stimuli.  This 
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space  is  developed  via  computer  with  The  two  dimensions  plotted  are  the 
a program  provided  by  S.  Schiffman.  only  two  uncovered  which  are  rele- 


Figure  2-8.  Correlation  taste  profiles  across  four  tastes:  0.1  M sucrose  (S),  .03  M 
NaCl  (N),  .003  M HCl  (H),  and  .001  M quinine  hydrochloride  (Q)  for  the 
responses  (number  of  nerve  impulses  in  5 sec.)  of  46-79  hamster  chorda  tympani 
nerve  fibers  to  these  tastes  and  0.3  M fructose,  .001  M Na-saccharin,  .03  M 
NaNOs,  .03  M NH4CI,  0.1  M KCl,  .003  M acetic  acid,  .001  M citric  acid,  1.0  M 
urea,  and  .03  M MgS04.  The  r’s  plotted  are  Spearman  rank-difference  correla- 
tion coefficients.  The  coefficients  for  responses  to  sucrose  and  sucrose  and  for 
each  taste  and  itself  were  assumed  to  equal  -1-1.00.  (From  Frank,^  with  permission 
of  d’he  Rockefeller  University  Press) 
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Figure  2-9.  The  Schiffman-Falkenberg  taste  space  developed  from  the  re- 
sponses of  40  hamster  chorda  tympani  nerve  fibers  to  0. 1 M sucrose,  .03  M NaCl, 
.003  M HCl,  .001  M quinine  hydrochloride,  0.3  M fructose,  .001  M Na- 
saccharin,  .03  M NaNOg,  .03  M NH4CI,  0.1  M KC  1,  .003  M acetic  acid,  .001  M 
citric  acid,  1.0  M urea,  and  .03  M MgSO^.  Both  the  stimuli  (represented  by  solid 
circles)  and  the  fibers  (represented  by  outline  symbols:  circles,  sucrose-best; 
squares,  NaCl-best;  and  triangles,  acid-best)  are  plotted  in  the  same  Euclidean 
space.  Factor  II  is  plotted  along  the  abscissa,  factor  III  along  the  ordinate,  but 
factor  I,  which  only  accounts  for  differences  in  the  size  of  responses  across 
stimuli  and  fibers,  is  not  plotted.  (From  O’Connell  and  Frank,  unpublished 
observations) 


vant  to  taste  quality  and  are  statisti- 
cally significant.  Factor  II,  plotted 
along  the  horizontal  axis,  separates 
the  sweet,  especially  sucrose,  from  all 
non-sweet  stimuli.  Factor  III,  plotted 
vertically,  separates  sodium  salts  from 
other  non-sweet  stimuli.  Fibers  are 
drawn  away  from  each  other  toward 
stimuli  to  which  they  respond  best. 
They  are  not  found  indiscriminately 
positioned  across  the  space;  but  are 
drawn  in  three  directions:  ( 1)  toward 
sucrose,  (2)  toward  sodium  salts,  or  (3) 


toward  acids,  non-sodium  salts,  and 
quinine.  Fibers  which  respond  nearly 
equally  to  the  various  stimuli  remain 
near  the  origin.  The  excess  of  empty 
space  between  stimulus  and  fiber  clus- 
ters indicates  that  some  patterns  of 
sensitivity  occur  much  more  fre- 
quently than  others  in  hamster 
chorda  tympani  hbers.  The  great  dis- 
tance sucrose  is  from  the  non-sweet 
stimuli  indicates  that  sucrose,  the 
most  effective  sweet  stimulus,  has  a 
highly  distinct  effect  on  these  fibers. 
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A comparable  plot  for  about  half  as 
many  (19)  squirrel  monkey  chorda 
tympani  nerve  fiber  responses  to  10 
stimuli,  five  sugars  and  five  non-sweet 
stimuli,  is  seen  in  Figure  2-10.  In  the 
squirrel  monkey,  as  in  the  hamster, 
sucrose,  the  most  effective  sugar  for 
sucrose-best  fibers,  is  far  away  from 
the  non-sweet  stimuli  and  nearest  to 
other  sugars.  Fructose,  because  of  its 
stronger  effect  on  salt-best  fibers,  is 
separated  less  than  sucrose.  The 
squirrel  monkey  fibers,  like  those  of 


the  hamster,  are  placed  in  a few  re- 
stricted areas  and  not  spread  across 
the  whole  taste  space.  Sodium  and 
ammonium  chlorides  are  placed  near 
each  other  for  the  squirrel  monkey 
chorda;  whereas,  for  the  hamster,  the 
ammonium  salt  is  near  hydrochloric 
acid,  not  sodium  chloride.  This  is  the 
case  because  squirrel  monkey  salt-best 
fibers  respond  well  to  ammonium 
chloride,  whereas  in  hamster  acid-best 
but  not  salt-best  fibers  respond  well  to 
ammonium  chloride. 
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Figure  2-10.  The  Schiffman-Falkenberg  taste  space  developed  from  the  re- 
sponses of  19  squirrel  monkey  chorda  tympani  nerve  fibers  to  0.5  M sucrose, 
fructose,  dextrose,  galactose,  maltose,  and  lactose;  0.3  M NaCl  and  NH4CI,  .01  M 
HCl,  and  .003  M quinine  hydrochloride.  Both  the  stimuli  (represented  by  solid 
circles)  and  the  fibers  (represented  by  outline  symbols:  circles,  sucrose-best; 
squares,  NaCl-best;  triangles,  HCl-best;  and  diamonds,  quinine-best)  are  plotted 
in  the  same  Euclidean  space.  Factor  II  is  plotted  along  the  abscissa,  factor  III 
along  the  ordinate,  but  factor  I,  which  only  accounts  for  differences  in  the  size  of 
responses  across  stimuli  and  fibers,  is  not  plotted.  (From  O’Connell  and  Frank, 
unpublished  observations) 
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Electrophysiological  recordings  of 
single  peripheral  taste  nerve  fiber  re- 
sponses of  the  hamster  or  squirrel 
j monkey  chorda  tympani  show  the 
j sweet  sensitivity  to  be  unique  com- 
1 pared  with  salt,  sour,  or  bitter  sen- 
sitivities. That  is,  stimuli  of  one  of 
man’s  quality  classes  affect  individual 
mammalian  nerve  fibers  in  a more 
selective  way  than  stimuli  in  any  of  the 
I other  quality  classes.  The  evidence 
j presented  supports  the  following 
j specific  conclusions.  (1)  Single  mam- 


malian taste  nerve  fibers  fall  into  loose 
species-specific  classes,  one  of  which  is 
well-tuned  to  sweet  stimuli.  (2)  The 
sweet  sensitivity  is  more  distinctly  rep- 
resented in  the  responses  of  the 
chorda  tympani  fibers  than  responses 
to  salts,  acids,  or  bitters.  And,  (3) 
there  are  two  significant  quality  di- 
mensions inherent  in  responses  of 
these  chorda  tympani  fibers  and  one 
of  these  separates  sweet  from  non- 
sweet stimuli. 
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DISCUSSION 


Mistretta:  I would  like  to  know  if 
you  looked  for  differences  in  tem- 
poral patterning  of  the  response  for 
sweet  sensitive  vs.  multi-sensitive 
I fibers.  I have  observed  a bursting  pat- 
I tern  in  sweet-sensitive  fibers  in  the  rat. 


and  also  in  fibers  especially  sensitive 
to  acid  stimuli.^ 


' Mistretta,  C.M.:  A quantitative  analysis  of  rat  chorda 
tympani  fiber  discharge  patterns.  In  Schneider,  D.  (Ed.) 
Olfaction  and  Taste  IV,  Wissenschaftlich  Verlags.  MBH, 
Stuttgart,  1972,  pp.  294-300. 
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Frank:  Although  I’ve  never  tried  to 
quantify  the  effect,  I’ve  noticed  that 
bursty  responses  do  occur  in  hamster 
and  squirrel  monkey  chorda  tympani 
fibers.  They  occur  most  obviously  and 
most  frequently  in  responses  to  su- 
crose (or  other  sweet  stimuli)  of  su- 
crose best  fibers.  But  they  also  occur 
in  other  fibers.  All  the  responses  of  a 
given  fiber  may  be  bursty  or  only  a 
few  stimuli  may  elicit  that  kind  of  re- 
sponse. Of  the  four  tastes,  quinine 
and  hydrochloric  acid  also  sometimes 
elicit  bursty  responses;  but  responses 
to  sodium  chloride  are  seldom  bursty. 

As  far  as  thinking  of  “bursty  ness”  as 
a temporal  code  for  sweetness,  we 
must  take  into  account  that  all  re- 
sponses of  chorda  tympani  fibers  to 
sweet  stimuli  are  not  obviously  bursty. 

Bradley:  It  seems  to  me  that  you 
are  defining  your  response  in  an  ar- 
bitrary way.  In  fact  the  animal  may 
not  use  such  a definition  as  yours,  and 
use  some  entirely  different  criteria 
when  processing  the  neural  data  com- 
ing from  the  taste  receptors. 

Frank:  That’s  right.  The  sum  of 
impulses  in  five  seconds  may  not  be 
exactly  what  is  considered  in  neural 
processing;  in  fact,  it  probably  isn’t.  It 
has  allowed  us  to  see  order  in  nerve 
fiber  responses  to  compounds  of 
known  properties  and  also  to  see  that 
other  mammals  may  have  taste  quality 
classes  which  are  rather  similar  to 
man’s. 

Of  course  we  should  look  at  some 
other  measures,  such  as  temporal  pat- 
terns in  responses.  It  is  possible  each 
nerve  fiber  could  carry  much  more 
information  in  its  responses  than  just 
whether  or  not  it  is  firing  and  how 
strongly  it  is  firing. 

Pfaefmann:  That  would  be  a very 
interesting  point  to  pursue  because  if 


there  is  any  differential  processing  of 
the  information  somewhere  in  the 
synaptic  pathway,  you  can  build  a 
model  which  will  discriminate  at  the 
synapse  between  bursting  of  impulses 
versus  steady  state  discharge  which- 
ever one  gets  the  presynaptic  poten- 
tials up  high  enough  to  really  fire 
across  the  gap.  It  is  really  worth  keep- 
ing that  in  mind  because  that  certainly 
is  one  demonstrated  firing  property 
that  is  differential  on  synaptic 
transmission. 

Le  Magen:  Do  you  think  the  brain 
can  discriminate  between  what  you 
mentioned? 

Frank:  Do  I think  the  brain  can 
discriminate  between  these  profiles? 
Oh,  yes. 

Grinker:  It  is  well  known  that  the 
behavioral  response  of  rats  to  sucrose 
is  clear  and  definite.  Why  then,  do 
you  see  a differential  responsivity  to 
sucrose  in  your  electrophysiological 
recordings  of  hamsters,  but  not  in  the 
rat?  Do  you  think  this  represents  a 
limitation  of  the  factor  analysis  or 
loadings,  that  they  fail  to  separate 
sucrose  responses  from  the  others?  Is 
it  possible  that  another  nerve  than  the 
chorda  tympani  in  the  rat  would  pull 
out  these  differences? 

Frank:  Responses  of  most  rat 

chorda  tympani  nerve  fibers  to  su- 
crose are  small  and  very  few  fibers 
respond  best  to  sucrose.  In  contrast, 
many  hamster  chorda  fibers  repond 
very  strongly  and  best  to  sucrose.  This 
is  why  sucrose  is  not  an  important 
element  in  the  multidimensional  scal- 
ing of  rat  chorda  fiber  responses  to  a 
variety  of  stimuli;  and  why  it  is  in  the 
scaling  of  hamster  chorda  fiber  re- 
sponses to  the  stimuli.  The  positions 
of  sucrose  in  the  taste  spaces  reflects 
the  different  sets  of  data.  It  remains 


41 


Distinctive  Responses  of  Chorda  Tympani 


near  the  origin  with  other  relatively 
ineffective  stimuli  in  the  rat  space  and 
is  pulled  far  from  the  origin  as  other 
effective  stimuli  with  selective  effects 
in  the  hamster  space. 

The  fact  that  rats  can  make  dis- 
criminate behavioral  responses  to  su- 
crose is  not  strongly  reflected  in  the 
rat  chorda  neural  taste  space.  How- 
ever, the  chorda  is  not  the  only 
peripheral  nerve  mediating  taste. 
Nerve  fibers  in  the  glossopharyngeal, 
which  subserve  taste  buds  on  the  back 
of  the  rat’s  tongue,  were  not  in  the 
sample  used  to  generate  the  space. 
These  fibers  include  some  that  re- 
spond well  to  sucrose  and  which  must 
give  the  rat  more  information  on 
which  to  base  taste  discriminations. 
But,  considering  only  typical  samples 
of  chorda  tympani  fibers,  the  sucrose 
stimulus  should  be  less  discriminable 
for  rat  than  for  hamster. 

Pfaffmann:  Is  that  because  the 
magnitude  of  response  is  not  big 
enough  to  permit  the  quantitative 
treatment  or  because  it  really  is  less 
discriminate? 

Frank:  With  regard  to  these  taste 
spaces,  absolute  sizes  of  responses  are 
much  less  important  than  relative 
sizes  of  responses  to  one  compound  as 
compared  to  other  compounds.  The 
absolute  effectivenesses  of  stimuli  and 
sensitivities  of  units  are  “factored 
out.”  Factor  I,  the  intensity  factor,  is 
not  plotted.  The  “quality  factors” 
which  are  plotted  deal  with  variance 
in  the  data  which  is  due  to  other  than 
intensity  effects.  A stimulus  has  to  af- 


fect some  fibers  in  a similar  relative 
way  and  other  fibers  in  a different 
relative  way  to  be  drawn  very  far  away 
from  the  origin. 

Pfaffmann:  In  other  words,  if  units 
are  truly  similar  to  each  other,  but 
respond  well,  they  are  plotted  close  to 
the  origin  and  that  really  means  they 
are  indiscriminate.  But  if  they  are  low 
responders  and  close  to  the  origin, 
you  can’t  tell  what  that  means. 

Frank:  Yes,  in  a way.  When  you 
consider  the  positions  of  units  in  the 
space,  fibers  which  gave  large  re- 
sponses and  are  close  to  the  origin  are 
found  to  be  those  which  responded 
very  well  to  all  stimuli  and  were  not 
discriminating  differences  in  stimuli. 
Yet,  fibers  which  did  not  give  large 
responses  to  any  of  the  stimuli  would 
also  be  close  to  the  origin.  In  this  case, 
responses  to  all  stimuli  are  small  and 
again  there  is  no  discrimination  of 
differences  in  stimuli. 

The  same  holds  for  stimulus  posi- 
tions in  the  space.  Those  which  affect 
all  units  similarly  would  be  positioned 
nearer  to  the  origin  than  other  stimuli 
having  greater  differential  effects. 
Two  kinds  of  stimuli  are  positioned 
near  the  origin:  general  stimuli  (those 
which  affect  all  units  to  the  same  rela- 
tive extent),  and  ineffective  stimuli. 

Weiffenbach:  Are  those  oblique 
solutions?  Did  you  rotate? 

Frank:  These  are  unrotated  or- 
thogonal factors.  The  method  used  by 
the  Schiffman-Falkenberg  computer 
program  is  Hotelling’s  iterative 
method  for  principle  components. 


Chapter  3 


DOES  SACCHARIN  HAVE  A DUAL 
TASTE  FOR  THE  RAT? 


G.  Rolfe  Morrison  and  Alan  Jessup 


Substances  which  have,  to  the 
human  observer,  the  common  prop- 
erty of  a sweet  taste  may  produce 
quite  different  effects  on  rats.  Su- 
crose, other  common  sugars  and  sac- 
charin are  all  well  known  to  be  highly 
palatable. Among  the  amino 
acids,  glycine  and  DL-alanine  are  also 
palatable.^  The  rat  however  appears 
indifferent  to  dulcin  at  all  concen- 
trations ^ and  has  been  shown  to  reject 
sodium  sucaryl  “ and  lead  acetate.^ 

The  high  degree  of  acceptability 
found  for  saccharin  has  led  to  the  as- 
sumption that  the  rat,  like  the  human 
find  this  substance  sweet — sweet  being 
defined  as  having  a taste  similar  to 
that  of  glucose.  It  is  possible  however 
for  saccharin  to  be  palatable  for  the 
rat  without  being  sweet.  For  many  of 
the  studies  that  have  employed  sac- 
charin its  exact  taste  is  largely  irrele- 
vant, it  has  been  used  as  a non- 
nutritive substance  which  is  highly 
reinforcing.  There  are  however  a 
number  of  experiments  where  the  re- 
sults may  be  subject  to  different  in- 
terpretations depending  in  part  on 
whether  or  not  saccharin  tastes  similar 
to  sugar. 

Although  non-nutritive  saccharin  is 
not  physiologically  inert,  changes  in 
blood  sugar  level  and  free  fatty  acid 


levels  following  saccharin  ingestion 
have  been  reported  and  prior  saccha- 
rin drinking  potentiates  insulin  in- 
duced coma.^^  Are  these  effects  due  to 
some  direct  postingestional  effect  of 
saccharin  or  are  they  mediated  by  its 
taste?  The  latter  interpretation  makes 
the  assumption  that  sweet  tasting 
stimuli  may  result  in  a release  of  insu- 
lin either  through  an  innate  reflex  or 
through  prior  conditioning  where  the 
taste  of  sugar  has  typically  been  fol- 
lowed by  a rise  in  blood  sugar.  It  has 
also  been  found  that  prior  ingestion 
of  saccharin  causes  a temporary  in- 
hibition of  glucose  intake  with  the 
suggestion  that  the  sweet  taste  of  sac- 
charin is  the  stimulus  for  a con- 
ditioned satiety  effect.®  For  these  I 
experiments  then  the  question  of  | 
whether  saccharin  actually  tastes  I 
sweet  becomes  more  interesting.  I 

Two  results  that  have  been  re-  1 
ported  suggest  the  possibility  that  the  | 
taste  of  saccharin  may  be  unlike  that  | 
of  sugar.  Tapper  and  Halpern  ' 
found  that  a conditioned  aversion  to  I 
saccharin  resulting  from  x-ray  in-  | 
duced  toxicosis  generalizes  strongly  to  j 
glycine  and  DL-alanine  but  only  j 
slightly  to  glucose,  while  an  aversion  ; 
to  DL-alanine  generalizes  to  saccharin  j 
but  not  to  glucose.  The  difference  be- 
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tween  the  tastes  of  saccharin  and  glu- 
cose suggested  by  these  results  may  be 
either  quantitative,  that  is  due  to  dif- 
ferent degrees  of  sweetness  or  qualita- 
tive, sweet  versus  non-sweet. 

Kakolewski  and  Valenstein  ® have 
shown  that  diabetic  rats  reject  saccha- 
rin while  continuing  to  accept  glucose. 
If,  as  they  suggest  this  is  a conditioned 
aversion  due  to  the  association  be- 
tween the  taste  of  saccharin  and  the 
malaise  produced  by  diabetes  then  the 
failure  to  generalize  to  glucose  may 
again  be  due  to  either  qualitative  or 
quantitative  differences.  If  however 
as  has  been  suggested  ^ this  aversion  is 
unconditioned  then  the  results  would 
seem  to  be  more  consistent  with  a 


qualitative  difference  unless  the  sac- 
charin is  substantially  sweeter  than 
the  glucose,  with  the  rats  continuing 
to  accept  moderately  sweet  stimuli  but 
rejecting  intensely  sweet  ones. 

In  order  to  investigate  the  question 
of  what  saccharin  actually  tastes  like 
to  the  rat  we  had  planned  to  use 
a procedure  similar  to  that  used  by 
Morrison  to  compare  the  tastes  of 
various  salts.  Since  this  method  is  very 
time-consuming  unless  you  have  some 
idea  what  you  are  looking  for  in  ad- 
vance, we  decided  to  do  some  pre- 
liminary investigations  using  a much 
simpler  technique.  This  present  re- 
port is  concerned  with  the  results  of 
these  preliminary  studies. 


EXPERIMENT  1 


If  a rat  is  exposed  to  a novel  testing 
solution  his  intake  is  suppressed  com- 
pared to  that  of  a familiar  solution  of 
equal  palatability.  With  increasing 
familiarity  one  finds  increasing  intake 
a phenomenon  that  has  been  termed 
learned  safety.® 

In  this  first  experiment  we  planned 
to  make  use  of  this  phenomenon  in 
the  following  way.  If  different  groups 
of  rats  were  first  familiarized  with  dif- 
ferent flavours  and  then  tested  for 
saccharin  intake  we  would  expect  to 
find  that  the  amount  of  saccharin  in- 
gested would  vary  directly  with  the 
similarity  in  taste  between  saccharin 
and  the  pre-exposed  solution  and 
thus  give  us  a rough  guide  to  this  de- 
gree of  similarity.  As  the  first  step,  to 
check  on  the  validity  of  the  method, 
we  planned  to  show  that  we  could  rep 
licate  the  Tapper  and  Halpern  find- 
ing that  saccharin  was  similar  to 
glycine  but  different  from  glucose. 

The  procedure  was  as  follows. 


32  rats  were  first  adapted  to  a fluid 
deprivation  schedule  where  they  were 
allowed  to  drink  water  for  20  minutes 
a day  in  the  test  situation,  followed  by 
an  additional  40  minutes  in  their 
home  cages.  Following  this  period 
they  were  divided  into  four  groups  of 
eight  rats  each. 

All  four  groups  continued  on  the 
same  drinking  schedule  for  the  next  5 
days. 

Group  W rats  continued  to  receive 
water  in  the  test  situation.  Group  S 
rats  received  .005  M sodium  saccha- 
rin, Group  G,  IM  Glucose  and  Group 
Gy,  .2M  Glycine. 

Following  this  familiarization  pe- 
riod a test  day  was  given  in  which  all 
rats  were  given  .005  M sodium  sac- 
charin for  20  minutes. 

Results 

Based  on  the  Tapper  and  Halpern 
results  which  appeared  to  show  that 
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saccharin  was  similar  in  taste  to 
glycine  but  different  from  glucose  we 
expected  to  find  that  the  group  S and 
Gy  rats  who  had  become  familiar  with 
the  taste  of  saccharin  or  glycine  would 
ingest  about  the  same  amount  of  sac- 
charin on  the  test  day  and  signifi- 
cantly more  than  the  group  W and  G 
rats.  In  fact  there  were  no  differences 
in  mean  intake  between  groups  S,  Gy, 


and  G and  intakes  in  these  three 
groups  were  significantly  higher  than 
those  in  group  W. 

Thus  in  contradistinction  to  the 
prediction  from  the  Tapper  and 
Halpern  finding  it  appears  that 
familiarization  to  glucose  is  just  as  ef- 
fective as  that  to  saccharin  or  glycine 
in  elevating  saccharin  intake. 


EXPERIMENT  2 


Since  the  above  procedure  did  not 
result  in  an  outcome  consistent  with 
Tapper  and  Halpern  it  was  decided 
that  before  proceeding  we  should  at- 
tempt to  replicate  their  finding  of  lit- 
tle or  no  generalization  of  a con- 
ditioned aversion  between  saccharin 
and  glucose. 

An  additional  32  animals  were  first 
adapted  to  the  water  drinking  sched- 
ule as  before  and  then  subdivided  into 
four  groups  of  eight  each.  Two 
groups  GN  and  GP  were  then  given 
.5M  glucose  for  20  minutes  on  one 
day,  the  remaining  two,  SN  and  SP 
.005M  saccharin.  Following  this 
drinking  period  groups  GP  and  SP 
were  poisoned  with  an  IP  injection  of 
lithium  chloride.  On  the  next  day  all 
animals  were  allowed  to  drink  water 
once  more  and  then  this  was  followed 
by  a test  day  on  which  all  animals  were 
given  the  saccharin  solution  to  drink. 

Results 

Again  based  on  the  Tapper  and 
Halpern  results  we  had  expected 
the  animals  who  had  been  poisoned 
following  glucose  drinking  to  behave 


like  the  unpoisoned  controls  in  the 
saccharin  test.  Once  again  however 
this  prediction  was  not  verified. 

Saccharin  intake  on  the  test  day  was 
virtually  equal  for  groups  GP  and  SP 
(means:  3.6  and  3.8  ml.)  with  both 
groups  showing  substantial  suppres- 
sion compared  with  the  control 
groups  GN  and  SN  (means:  10.4  and 
11.8  ml.).  Water  intakes  for  all  four 
groups  on  the  post  poisoning  day 
were  at  their  prepoisoning  levels  indi- 
cating that  the  decreased  saccharin  in- 
-take  shown  be  the  poisoned  rats  was 
not  due  to  the  unconditioned  effects 
of  the  poisoning. 

These  results  were  consistent  with 
those  of  the  first  experiment  in 
suggesting  that  glucose  and  saccharin 
are  in  fact  similar  in  taste. 

Thus  in  two  experiments  we  had 
failed  to  confirm  Tapper  and 
Halpern’s  findings  on  the  dissimi- 
larity of  glucose  and  saccharin.  They 
however  poisoned  their  animals  fol- 
lowing saccharin  drinking  and  tested 
them  on  glucose  while  we  had  done 
the  reverse.  Possibly  this  difference  is 
critical. 


EXPERIMENT  3 


2 more  groups  of  eight  rats  were  run  through  the  same  procedure  as  in 
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the  last  experiment.  One  group  (GP) 
was  poisoned  following  glucose  drink- 
ing the  other  (SP)  following  saccharin 
drinking.  On  the  test  day  both  groups 
were  given  glucose. 

Results 

On  the  poisoning  day  group  GP 
drank  an  average  of  7. 1 ml.  of  glucose 
and  group  SP  an  average  of  4.4  ml.  of 
saccharin  (These  rats  were  smaller 
than  those  of  experiment  2 and  did 
less  drinking,  their  average  water  in- 


take was  6 ml.  compared  to  9 ml.  in 
experiment  2).  On  the  test  day  group 
GP  intake  declined  to  2.6  ml.  showing 
the  usual  conditioned  aversion. 
Group  SP  however  averaged  6.4  ml. 
on  the  test  day,  a value  not  signifi- 
cantly different  from  the  prepoison- 
ing glucose  intake  of  group  GP. 

In  other  words,  the  conditioned 
aversion  to  saccharin  showed  little  if 
any  generalization  to  glucose  and 
confirms  the  Tapper  and  Halpern 
results. 


DISCUSSION 


At  this  point  then  we  are  left  with 
two  experiments  that  suggest  that 
glucose  and  saccharin  are  similar  in 
taste  for  the  rat  (experiments  1 and  2 
above)  and  two  others  that  suggest 
they  taste  quite  different  (experiment 
3 and  Tapper  and  Halpern  Can 
these  differences  be  reconciled? 

One  possibility  that  seems  to  be 
worthy  of  further  investigation  is  that 
saccharin  has  a dual  taste  for  the  rat, 
sweet  and  something  else — we  would 
like  to  suggest  bitter  but  we  have  abso- 
lutely no  evidence  for  this  yet.  The 
“something  else”  however  we  suggest 
is  aversive. 

In  the  poisoning  situation,  when 
the  rat  is  poisoned  following  saccharin 
the  aversion  conditions  to  the  aversive 
component  of  the  taste,  not  to  the 
sweet  components.  This  is  consistent 
with  the  role  of  stimulus  salience  in 
this  type  of  conditioning.^  Since  the 
glucose  used  in  the  test  does  not  have 
this  aversive  component  there  is  no 
generalization  of  the  conditioned 
aversion.  When  the  animal  is 
poisoned  following  glucose  the  condi- 
tioning is  to  sweet  since  that  is  the  only 
taste  present  and  this  aversion 


generalizes  to  the  sweet  component  of 
the  saccharin. 

This  explanation  would  account  for 
the  asymmetrical  results  of  the  above 
experiments,  and  might  also  suggest 
why  diabetic  rats  shown  an  aversion  to 
saccharin  but  not  to  glucose. 

Assume  that  diabetes  causes  a 
change  in  the  sweet  sensitive  recep- 
tors, possibly  because  these  are  kept  in 
a state  of  partial  adaptation  due  to 
high  blood  glucose  levels.  This  would 
mean  that  glucose  would  be  a less  ef- 
fective stimulus,  it  is  still  sweet  but  less 
so  than  for  the  normal  rat,  and  the 
sweet  preference  is  still  there.  When 
the  animal  is  given  saccharin  however 
the  receptors  sensitive  to  the  sweet 
component  are  adapted  but  those  to 
the  other,  aversive,  one  are  not.  This 
would  result  in  a taste  quality  change 
for  saccharin  with  the  aversive  com- 
ponent becoming  more  significant  in 
the  control  of  behaviour. 

One  test  of  this  idea  that  we  are  in 
the  process  of  trying  is  the  following. 

If  a conditioned  aversion  to  glucose 
is  well  established  and  then  the  rats 
are  made  diabetic  by  alloxan  injection, 
then  if  saccharin  is  no  longer  primar- 
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ily  sweet  there  should  be  no  gener- 
alization of  this  conditioned  aversion. 
This  would  predict  that  precon- 
ditioned diabetic  rats  and  uncon- 
ditioned ones  should  show  the  same 
reaction  to  saccharin.  They  will  have 
an  unconditioned  aversion  but  no 
conditioned  one.  If  the  aversion  to 
glucose  is  strongly  conditioned  then 
these  diabetic  animals  should  show 


greater  saccharin  intake  than  glucose 
conditioned  normal  ones,  the  uncon- 
ditioned aversion  in  the  former  being 
weaker  than  the  generalized  con- 
ditioned aversion  in  the  latter. 

If  this  prediction  is  borne  out  then 
eventually  we  may  return  to  our  orig- 
inal intention  of  finding  out  what  sac- 
charin does  taste  like  to  the  rat. 
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DISCUSSION 


Collier;  I would  like  to  suggest 
another  paradigm.  If  you  make  inde- 
pendent sweetness  matches  between 
saccharin  and  sucrose,  and  offer  rats  a 
choice  between  saccharin  and  sucrose, 
the  rats  will  almost  inevitably  choose 
sucrose  down  to  a very  low  concentra- 
tion (2%)  over  every  concentration  of 
saccharin.  There  is  some  difference 
other  than  sweetness. 

I would  like  to  suggest  that  the 
same  is  true  for  glucose  and  sucrose.  I 
wonder  how  your  system  would  work 
with  that?  If  you  offer  a rat  sucrose 
and  glucose  independently  and  match 
them  on  sweetness,  rats  will  typically 
prefer  sucrose  over  glucose.  I don’t 
know  what  the  “bitter”  taste  of  glucose 
is,  but  I think  Carl  mentioned  this 
phenomenon  this  morning. 

Morrison:  The  problem  is,  of 
course,  what  do  you  mean  by  sweet- 
ness for  the  rat.  In  this  experiment  I 
am  arbitrarily  dehning  sweet  as  the 
taste  of  glucose.  I would  rather  dehne 
it  as  the  taste  of  sucrose  but  to 
be  comparable  with  Tapper  and 
Halpern^^  we  used  glucose.  By  defini- 
tion then  for  the  purposes  of  this 
study  glucose  is  sweet. 

Jacobs:  I’m  not  sure  that  anyone  in 
human  psychophysics  would  be  will- 
ing to  state  that  a sweetness  judgment 
to  sucrose  is  the  same  as  a sweetness 
judgment  to  glucose.  There  are  also 
problems  associated  with  taste  mix- 
tures including  the  issue  of  whether 
responses  are  to  the  parts  of  a mixture 
or  to  their  sum.  You  may  want  to  re- 


late your  work  to  that  of  Moskowitz 
and  Bartoshuk  or  do  some  human 
experimentation  to  validate  your 
ideas. 

In  your  control  experiment,  the 
simple  one,  the  glucose-trained  ani- 
mals took  saccharine  on  the  test  day. 
Would  saccharine-trained  animals 
take  glucose?  In  that  case,  the  poison 
experiment  is  not  really  necessary. 

Morrison:  There  is  a practical 
problem  involved  here  in  that,  with 
the  glucose  concentration  we  used 
and  the  time  periods  we  measured, 
you  don’t  see  a reliable  rise  in  intake 
from  day  one  to  day  two.  The  animals 
start  off  taking  large  amounts  of  glu- 
cose and  stay  fairly  level  throughout. 

Jacobs:  Is  your  assumption  that  the 
post-ingestional  effects  of  glucose  ac- 
count for  the  changes  in  threshold  or 
discrimination?  I would  be  pleased  if 
your  technique  could  show  this.  This 
would  be  extremely  important  for  in- 
vestigators in  the  field  of  specific  hun- 
gers as  this  is  the  type  of  effect  of 
bodily  state  on  sensitivity  that  they 
have  searched  for  for  decades. 

Morrison:  I would  suggest  that  as 
one  possibility  that  could  be  consid- 
ered. At  this  point  we  have  no  data 
that  points  to  the  type  of  change  re- 
sponsible for  the  effect.  It  may  be  a 
central  change,  a receptor  change  or 
simply  adaptation.  I suggested  this 
last  one  because  it  would  seem  to  be 
the  simplest  and  easiest  to  test. 

Mistretta:  I am  reminded  of  the 
highly  palatable  mixture  of  glucose 
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and  saccharin  ^ which  rats  drink  in 
such  large  volumes.  Perhaps  this 
other  saccharin  component  which  you 
hypothesize  is  a bitter  component, 
making  the  solution  more  palatable. 
Maybe  we  really  prefer  bitter-sweet  to 
pure  sweet. 

Morrison:  Let  me  give  you  another 
even  wilder  speculation  that  did  come 
out  in  some  of  the  intervening  data 
that  would  help  explain  some  of  the 
results  in  the  middle  period.  That  is 
that  the  bitter — or  whatever  it  is,  the 
unpleasant  component — might  well 
be  an  after-taste,  as  it  is  in  the  human, 
and  if  it  is,  this  is  going  to  mean  the 
exact  testing  situation  is  going  to  be- 
come very  critical. 

Nowlis:  I was  just  puzzling  over 
the  problem  of  matching  concentra- 
tions across  molecular  species.  In  a 
study  ^ using  three  concentrations  of 
a single  taste  stimulus,  NaCl,  I found 
the  following:  First,  the  stronger  the 
salt  concentration  that  was  ingested 
when  the  poisoning  occurred  (train- 
ing concentration),  the  stronger  the 
aversion  to  subsequent  presentations 
of  salt.  Second,  the  stronger  the  salt 
concentration  used  as  a test  for  aver- 
sion (test  concentration),  the  stronger 
the  aversion  manifested.  Third,  there 


was  a multiplicative  relationship  be- 
tween the  effect  on  degree  of  aversion 
of  training  concentration  and  testing 
concentration.  Fourth,  above  and  be- 
yond this  multiplicative  relationship, 
there  is  evidence  for  a stimulus 
generalization  decrement  along  the 
concentration  dimension,  so  that,  for 
example,  rats  poisoned  in  conjunction 
with  a weak  concentration  of  salt  ac- 
tually show  more  acquired  aversion  to 
the  medium  concentration  than  to  the 
strong  concentration.  Thus  before 
deciding  on  the  basis  of  generalization 
decrement  that  one  sweet  substance  is 
not  similar  to  another,  one  must  de- 
velop some  strategy  for  addressing 
the  problem  of  comparability  of  con- 
centrations. This  is  not  always  easy. 

Morrison:  All  I can  say  at  the  mo- 
ment is  that  in  our  studies  with  the 
.005  M saccharin  we  get  no  generali- 
zation, no  aversion  to  1 M glucose, 
.5  M glucose,  or  .1  M glucose.  Tapper 
and  Halpern  also  found  no 
generalization. 

On  the  other  hand,  going  the  oppo- 
site way,  we  get  complete  generaliza- 
tion to  that  concentration  of  saccha- 
rin. It  is  a problem.  I want  to  start 
cross  matching  concentrations. 
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RESPONSES  TO  SWEET 
IN  THE  FETUS  AND  SUCKLING  YOUNG 
OF  MAMMALS  OTHER  THAN  MAN 


Chapter  4 


TASTE  IN  UTERO:  THEORETICAL 
CONSIDERATIONS 


Charlotte  M.  Mistretta  and  Robert  M.  Bradley 


It  is  reasonable  to  expect  that 
genetic  and  environmental  influences 
interact  in  the  development  of  taste 
preference.  The  challenge  for  the  in- 
vestigator is  to  understand  the  nature 
and  extent  of  the  interaction.  The 
widespread  phylogenetic  appearance 
of  the  ‘sweet  tooth’,  as  documented  by 
Dr.  Pfaffmann,  suggests  a genetic 
component  in  the  preference  for 
sweet.  Studies  on  rats  and  mice 
suggest  that  preference  for  sweet 
compounds  varies  with  genotype. 
Further,  Desor  and  Mailer  have 
shown  that  from  birth  human  babies 
prefer  sugar  solutions  to  water.  In  the 
human,  then,  it  would  seem  that  a 
preference  for  sweet  is  manifest  be- 
fore experiential  factors  can  inter- 
vene. However,  Dr.  Jerome  has  pre- 
sented data  on  the  practice,  current  in 
a variety  of  cultures,  of  exposing  in- 
fants to  sugar  from  the  moment  of 
birth.  Mothers  throughout  the  world 
feed  their  newborns  sweetened  forms 
of  liquid  diets.  The  neonate’s  prefer- 
ence for  sweet  would  be  reinforced 
throughout  infancy  and  afterwards  in 
the  many  cultures  where  candy  and 
other  sweet  foods  are  given  to  chil- 
dren (see  also  Muto).  Does  the  con- 
tinuous, prolonged  exposure  of  the 


human  to  sweetened  diets  imprint  the 
organism  to  a food  which  it  prefers 
from  birth  anyway?  Daily  exposure  of 
newborn  rats  and  guinea  pigs  to  some 
chemicals  results  in  the  establishment 
of  a transient  preference  for  the 
chemical; perhaps  longer  expo- 
sures would  establish  lasting  prefer- 
ences. Galef  reports  that  food 
habits  in  rats  are  transmitted  from 
parent  to  young.  Humans,  also,  seem 
to  transmit  food  habits  to  their 
infants. 

Although  these  studies  identify 
some  of  the  factors  which  influence 
the  development  of  preference  be- 
havior, they  are  not  designed  to 
examine  the  sensory  system  which 
underlies  the  behavior.  To  under- 
stand the  contributions  of  genetic  and 
environmental  factors  knowledge  of 
the  biological  substrate  on  which  these 
factors  operate  must  be  complete.  It  is 
important  to  know:  when  taste  buds 
first  appear;  when  taste  receptors 
are  first  functional;  whether  the 
neurophysiological  response  charac- 
teristics of  the  taste  system  change  as 
development  proceeds;  at  what  point 
in  neurophysiological  development 
preferences  and  aversions  are  first 
expressed. 
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It  is  known  that  in  humans  and 
sheep  ^ taste  buds  on  the  tongue 
appear  and  mature  structurally  in 
utero.  In  both  of  these  species  taste 
buds  are  first  seen  at  about  7-8  weeks 
of  gestation  and  are  morphologically 
mature  by  about  14  weeks.  Photo- 
micrographs of  taste  buds  from  fetal 
and  newborn  sheep  are  presented  in 
Figure  4-1.  At  50  days  of  gestation 
the  presumptive  taste  bud  is  com- 
posed of  disoriented  cells,  and  is  still 
covered  with  superficial  cells  of  the 
dorsal  tongue  epithelium  (Fig.  4—1  A). 
There  is  no  direct  communication  be- 
tween taste  bud  cells  and  the  oral  cav- 
ity. By  84  days  the  taste  bud  cells  are 
oriented  perpendicularly  to  the 
basement  membrane  and  the  apical 
ends  of  the  cells  are  now  exposed  to 
the  oral  cavity  (Fig.  4- IB).  By  about 
100  days  of  gestation  the  first  distinct 
signs  of  a taste  pore  are  found  (Fig. 
4- 1C).  Between  50  days  and  100  days 
of  gestation  only  one  taste  bud  is  ob- 
served per  fungiform  papilla.  Be- 
tween 100  days  and  term  two  buds  are 
frequently  found  per  papilla;  in  the 
newborn  lamb  a single  fungiform 
papilla  contains  three  to  four  taste 
buds  (Fig.  4-lD).  Nerve  fibers  are 


found  in  the  connective  tissue  core  of 
fungiform  papillae  in  50  day  fetal 
tongues  (Fig.  4-2 A);  by  100  days,  in- 
dividual fibers  stain  more  distinctly 
and  branch  more  extensively  (Fig. 
4-2 B).  The  photomicrograph  of  a 
fungiform  papilla  and  taste  bud  from 
a 14  week  human  fetus  in  Figure  4-3 
provides  a comparison  to  the  fetal 
lamb  papilla  in  Figure  4-1 C. 

While  the  taste  buds  of  the  human 
and  sheep  are  structurally  mature  be- 
fore birth,  those  of  the  rat  reach 
maturity  about  12  days  post- 
natally.^^’^^  Since  sensory  systems  are 
more  susceptible  to  modification  by 
environmental  factors  during  de- 
velopment than  when  structurally  ma- 
ture species  may  be  differentially 
effected  by  variations  in  the  postnatal 
environment.  The  taste  system  of  the 
rat  would  presumably  be  more  influ- 
enced by  the  postnatal  environment 
than  that  of  the  human  or  sheep.  In 
humans  and  sheep  the  sense  of  taste 
may  be  more  easily  modified  by  pre- 
natal or  intrauterine  environmental 
conditions.  But  what  is  known  of  the 
functional  characteristics  of  taste  re- 
ceptors before  birth?  Are  taste  buds 
responsive  to  stimuli  in  utero} 


ELECTROPHYSIOLOGY  OF  THE  FETAL  TASTE  SYSTEM 


To  determine  whether  fetal  taste 
buds  are  functional  in  utero  we  re- 
corded responses  from  the  chorda 
tympani  nerve  while  stimulating  the 
tongue  of  fetal  sheep  with  chemicals.^ 
Single  and  multi-fiber  responses  were 
recorded  in  fetuses  aged  96 — 147 


days  (term)  of  gestation.  The  preg- 
nant ewe  was  anesthetized  with  an  i.v. 
dose  of  sodium  pentobarbital,  which 
also  effectively  anesthetized  the  fetus. 
The  fetus  was  delivered  onto  a warm 
table  at  the  ewe’s  side  and  covered 
with  gauze  and  cotton.  The  umbilical 


Figure  4-1.  l’h()toini<  rograpli.s  of  longitudinal  .seclion.s  through  fungiform  papillae  tuid  taste 
huds  on  the  antetior  third  of  the  sheep  tongue  at  various  ages.  "Fhe  scale  on  each  photograph 
represents  50/c.  A.  Fungifdiin  papilla  aiul  ])resumptive  taste  bud  in  a 50-day  fetus.  The 
disoiienled  cells  of  the  early  taste  hud  are  covered  by  superficial  cells  of  tlie  tongue 
epithe  lium.  If  and  F.  IF  Fungiform  papilla  and  taste  bud  in  an  84-day  fetus.  The  apical  ends 
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of  taste  bud  cells  are  exposed  to  the  oral  cavity.  The  lightly  stained  cell  in  the  center  of  this 
taste  bud  should  not  be  confused  with  a taste  pore.  H and  E.  C.  Fungiform  papilla  and  taste 
bud  in  a 100-day  fetus.  The  papilla  and  taste  bud  are  covered  by  superficial  cells  with  flattened 
nuclei  except  for  a small  area  over  the  center  of  the  taste  bud  (arrow).  This  is  the  first  distinct 
sign  of  a taste  pore.  H and  E.  D.  Fungiform  papilla  and  three  taste  buds  in  a 1-day  old  lamb.  A 
rather  wide  taste  pit  is  seen  in  two  of  the  taste  buds.  H and  E.  (From  Bradley  and  Mistretta.^) 


54 


Taste  and  Development 


B 


Figure  4-2.  A.  Fungiform  papilla  in  a 50-day  fetus.  Nerve  fibers  penetrate  the 
basement  membrane  and  enter  the  epithelium  in  the  region  where  taste  buds 
form.  Sevier-Munger.  Scale  = 50//,.  B.  Fungiform  papilla  and  two  taste  buds  in  a 
100-day  fetus.  The  nerve  fibers  branch  extensively  and  course  to  cells  in  both 
taste  buds  and  to  non-gustatory  epithelial  cells.  Sevier-Munger.  Scale  = 50^t. 
(From  Bradley  and  Mistretta.’^) 


circulation  remained  intact  and  fetal 
and  maternal  blood  gas  values  and 
pH  were  monitored  periodically.  The 
fetal  head  was  secured  in  an 
atraumatic  holder  and  the  chorda 
tympani  was  dissected  via  a lat- 
eral approach.  Conventional  electro- 
physiological  methods  were  used  to 
record  from  single  hbers,  small  bun- 
dles or  the  whole  nerve.  Multi-unit 
activity  was  passed  through  a full- 
wave  rectiher  and  smoothing  circuit 
with  a time  constant  of  0.5  sec.'’ 
Stimuli  included  0.05-1.0  M NH4CI, 
0.5  M KCl,  LiCl;  and  NaCl,  0.5-2.0  M 


glycerol,  fructose,  sucrose  and  glu- 
cose, 0.5  M Na  saccharin,  0.5  M 
glycine,  0. 5-1.0  M urea,  0.02  M 
quinine  HCl,  and  0.01  N HCl.  All 
chemicals  were  dissolved  in  distilled 
water  and  kept  at  room  temperature 
during  experiments.  Stimuli  were 
applied  to  the  tongue  using  20  ml 
plastic  syringes.  After  30-60  sec  the 
tongue  was  rinsed  with  distilled  water 
for  at  least  30  sec.  The  stability  of  each 
preparation  was  monitored  by 
periodic  stimulation  with  a standard 
stimulus,  0.5  M NH4CI. 

For  comparative  purposes,  records 
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Figure  4-3.  Fungiform  papilla  from  the 
j tongue  of  a 115  mm  (~98  day)  human  fetus. 
Note  taste  pore  in  center  of  bud.  H and  E. 
Scale  = 5Q^l.  (From  Bradley.®) 

of  multi-fiber  activity  were  made  from 
the  chorda  tympani  in  newborn  lambs 
and  adult  ewes. 

Over  the  last  third  of  gestation  re- 
sponses were  recorded  from  the 
chorda  tympani  nerve  during  stimula- 
tion of  the  tongue  with  a variety  of 
chemicals  (Figs.  4-4  and  4-5).  All 
single  and  multi-fiber  preparations 
I responded  with  a relatively  high  fre- 
j quency  discharge  on  application  of 
0.5  M NH4CI  to  the  tongue.  Sugars 
usually  did  not  elicit  a response,  al- 
though glycerol  did.  In  all  prepara- 
! tions  studied  salts  and  acids  elicited  a 
higher  frequency  neural  response 
than  chemicals  which  taste  sweet  or 
! bitter  to  man.  Similar  responses  were 
1 obtained  from  newborn  lambs  and 
I adults.  When  a series  of  0.5  M 
I monochloride  salts  (NaCl,  KCl, 

I 


NH4CI,  LiCl)  were  applied  to  tongues 
of  fetuses,  the  order  of  effective 
stimulation  was  NH4CI  > LiCl  > 
NaCl  = KCl  (Fig.  4—6).  The  same 
order  was  found  in  some,  but  not  all, 
lamb  and  adult  preparations.  Re- 
sponses to  a range  of  NH4CI  concen- 
trations (0.1-0.75  M)  were  recorded 
in  fetuses,  lambs,  and  adults;  at  all 
ages,  increasing  concentrations  elic- 
ited neural  responses  of  increasing 
magnitude. 

According  to  the  criteria  which 
were  used,  fetal  taste  receptors  over 
the  last  third  of  gestation  responded 
similarly  to  those  of  the  newborn  and 
adult.  This  is  perhaps  not  surprising 
since  the  fetal  taste  buds  appear  to  be 
morphologically  mature  by  about  100 
days.  It  is  important  to  extend  the 
age-range  studied  backwards  and  re- 
cord from  the  peripheral  taste  system 
in  50-100  day  fetuses,  during  the 
period  when  taste  buds  are  maturing. 
However,  the  chorda  tympani  is  very 
fragile  in  these  young  fetuses  and  dif- 
ficult to  dissect  without  causing  dam- 
age. Therefore,  we  have  begun  to  re- 
cord taste  responses  in  the  fetal 
medulla  to  chemical  stimulation  of  the 
tongue.  The  fetal  brain  is  exposed 
and  a portion  of  the  cerebellum  aspi- 
rated to  reveal  the  floor  of  the  fourth 
ventricle.  Using  coordinates  deter- 
mined from  histological  sections  of 
fetal  brains  at  different  ages,  a 
tungsten  microelectrode  is  positioned 
in  the  tractus  solitarius.  When  neural 
responses  to  lingual  stimulation  are 
recorded,  the  brain  is  lesioned  at  that 
point  to  allow  subsequent  histological 
confirmation  of  the  electrode  posi- 
tion. Chemicals  are  applied  to  the 
tongue  as  described  for  the  chorda 
experiments. 

Thus  far  preliminary  results  have 
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Figure  4-4.  Neural  impulses  recorded  from  a single  chorda  tympani  fiber  in  a 
128-day  fetus.  Arrows  at  the  bottom  of  each  column  denote  time  of  stimulus 
application.  Arrow  heads  in  each  trace  indicate  distilled  water  rinses.  The  record 
is  continuous,  and  traces  overlap,  when  read  from  top  to  bottom,  left  column, 
then  right.  (From  Bradley  and  Mistretta.^) 
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Figure  4-5.  Integrated  responses  to  a variety  of  stimuli  recorded  from  a multi- 
fiber preparation  in  a 135-day  fetus.  (From  Bradley  and  Mistretta.’’) 
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Responses  to  0.5  Molar  Salts 

Figure  4—6.  Integrated  responses  recorded 
from  multi-fiber  preparations  during  lingual 
stimulation  with  0.5  M concentrations  of 
monochloride  salts.  The  order  of  effective 
salt  stimulation  is  the  same  in  these  three 
preparations.  (From  Bradley  and  Mistretta.'^) 


been  obtained  in  fetuses  aged  80  days 
to  term.  Most  of  the  units  in  the  re- 
gion of  the  tractus  solitarius  respond 
similarly  to  those  in  the  chorda  tym- 
pani  in  that  salts  and  acids  elicit  a high 
frequency  neural  discharge  (Fig.  4-7). 
From  experiments  to  date  it  seems 
that  we  will  be  able  to  use  this  tech- 
nique to  determine:  (1)  when  taste 
buds  are  first  responsive  to  chemical 
stimulation  of  the  tongue,  and  (2) 
whether  the  neural  response  charac- 
teristics of  the  taste  system  change 
during  development. 

To  summarize,  it  is  known  that 
human  and  sheep  taste  buds  mature 
morphologically  in  utero  long  before 
birth.  It  is  also  known  that  sheep  taste 
buds  respond  to  chemical  stimulation, 
at  least  from  80  days  to  term.  But  is 
the  fetus  itself  actually  behaviorally 
responsive  to  taste  stimuli  in  utero} 
Can  the  fetus  demonstrate  prefer- 
ences and  aversions  before  birth?  To 
answer  these  questions  we  have 
studied  fetal  swallowing  activity  and 
tried  to  experimentally  alter  that 
activity. 
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Figure  4-7.  Neural  responses  recorded  from  units  in  the  region  of  the  tractus 
solitarius  in  a 140-day  fetus.  The  arrows  at  the  bottom  of  each  column  denote 
time  of  stimulus  application.  Arrow  heads  in  each  trace  indicate  distilled  water 
rinses. 


FETAL  SWALLOWING 


Swallowing  has  been  demonstrated 
in  many  mammalian  fetuses,  includ- 
ing rats,^’^  guinea  pigs,^  sheep, 
and  humans. Although  estimates  of 
volume  swallowed  per  24  hours  were 
available,  there  were  no  data  on  fre- 
quency of  swallowing  or  volume 
swallowed  at  a given  time.  Using 
an  electromagnetic  flow  transducer 
chronically  implanted  in  the  fetal 
esophagus  we  have  been  able  to 
monitor  fetal  swallowing  continuously 
for  periods  of  weeks.  Once  baseline 
data  on  undisturbed  swallowing  were 
obtained,  we  then  wished  to  modify 
swallowing.  We  hypothesized  that  if  a 
pleasant-tasting  chemical  is  injected 
into  the  amniotic  fluid,  and  the  fetus 
can  behaviorally  respond  to  taste 
stimuli,  then  the  fetus  should  swallow 
more  fluid  after  the  intra-amniotic  in- 
jection. Conversely,  if  an  unpleasant- 
tasting  chemical  is  injected,  the  fetus 


should  swallow  less  after  the  intra- 
amniotic  injection. 

Thirty-eight  dated  pregnant  ewes 
in  the  last  third  of  gestation  were  op- 
erated under  sterile  conditions.  The 
general  surgical  procedure  is  as  de- 
scribed by  Dawes  et  al.^^  The  uterus 
was  exposed  with  a midline  incision, 
the  fetal  head  palpated  through  the 
uterus  and  withdrawn  through  the 
abdominal  incision.  The  uterus  and 
fetal  membranes  were  incised  and  the 
fetal  head  delivered.  A cannulated 
electromagnetic  flowmeter  head  with 
an  internal  diameter  of  3,  4 or  5 mm 
was  inserted  through  a longitudinal 
incision  into  the  fetal  esophagus, 
and  the  incision  closed.  Catheters  for 
monitoring  fetal  carotid  and  tracheal 
pressures  were  inserted  into  the 
carotid  artery  and  trachea.  Two 
catheters  for  sampling  and  injecting 
chemicals  into  the  amniotic  fluid  were 
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sutured  to  the  fetal  head  and  snout,  ranging  from  200  to  760  ml/day.^"^ 
The  fetal  head  was  replaced  in  the  The  fetus  does  not  swallow  on  any 
uterus  and  uterine  and  abdominal  in-  obvious  schedule,  but  at  seemingly 
cisions  closed.  The  ewe  was  kept  in  a random  times  throughout  the  day 
metabolism  cage  with  food  and  water  (Fig.  4-9).  Swallowing  episodes  are 
available  ad  libitum.  Arterial  and  usually  1 to  9 minutes  in  duration, 
tracheal  catheters  were  connected  to  About  2 to  7 episodes  occur  per  day. 
pressure  transducers  and  the  exter-  The  volumes  swallowed  during  an 
nalized  lead  from  the  esophageal  flow  episode  range  from  20  to  200  ml  and 
transducer  was  connected  to  a vary  greatly  for  a given  fetus  on  a 
flowmeter.  The  flowmeter  provided  given  day. 

a continuous  measurement  of  Both  the  volume  swallowed  per 
esophageal  flow  and,  by  integrating  episode  and  the  total  volume  swal- 
the  flowmeter  output,  volume  swal-  lowed  per  day  varied  greatly  for  any 
lowed  was  monitored  (Fig.  4-8).  fetus.  The  volumes  swallowed  per  day 
Esophageal  flow  rate,  volume  swal-  by  three  fetuses  are  graphed  in  Figure 
lowed,  and  tracheal  and  arterial  pres-  4-10.  The  daily  volume  usually  peaks 
sures  were  measured  continuously,  24  3 to  5 days  postoperatively,  and  falls 
hours  per  day,  for  periods  of  days  and  off  significantly  as  the  ewe  approaches 
weeks.  labor.  The  variability  of  the  timing  of 

Swallowing  was  monitored  for  4 swallowing  episodes,  the  volume  swal- 
days  or  more  in  about  half  of  the  prepa-  lowed  per  episode,  and  the  volume 
rations.  Volumes  of  amniotic  fluid  swallowed  per  24  hours,  contributes 
swallowed  per  day  ranged  from  50  to  to  a very  unstable  baseline  and  makes 
785  ml.  These  large  volumes  of  am-  it  difficult  to  detect  an  effect  of  intra- 
niotic  fluid  swallowed  by  fetuses  in  the  amniotic  chemical  injections.  When 
last  third  of  gestation  are  comparable  attempts  to  increase  swallowing  by  in- 
to those  reported  for  human  fetuses,  jecting  glucose  into  the  amniotic  fluid 

125  Day  Fetus 


40  -1 


10  sec 


Figure  4-8.  High  speed  record  of  swallowing  activity  from  a 125-day  fetus  on 
the  fourth  postoperative  day.  The  lower  trace  is  the  direct  output  of  the  electro- 
magnetic flowmeter;  positive  deflections  result  from  swallowing.  The  upper 
trace  is  the  integrated  flow  and  indicates  volume  swallowed.  The  integrator 
automatically  resets  to  zero  every  60  sec.  (From  Bradley  and  Mistretta.®) 
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Figure  4-9.  Integrated  records  of  swallowing  episodes  over  a 24-hour  period 
from  a 125-day  fetus  on  the  third  postoperative  day.  The  time  at  which  swallow- 
ing occurred  is  indicated  under  each  integrated  recording.  (From  Bradley  and 
Mistretta.®) 


Figure  4-10.  Volumes  of  amniotic  fluid  swal- 
lowed daily  by  three  sheep  fetuses.  The  data 
for  each  fetus  are  plotted  from  the  day  of 
operation  for  the  duration  of  the  experiment. 
No  injections  were  made  into  the  amniotic 
fluid  of  lhe.se  fetu.ses.  All  ewes  were  in  labor 
on  the  day  of  the  last  data  point.  (From 
Mistretta  and  Bradley.'*^) 


produced  inconsistent  results,  we 
tried  to  decrease  swallowing  by  inject- 
ing a bitter  chemical,  denatonium 
benzoate  (Bitrex).  Although  in  two 
fetal  preparations  we  made  repeated 
injections  of  Bitrex  and  the  amniotic 
fluid  on  withdrawal  tasted  bitter  to  us, 
both  fetuses  continued  to  swallow 
large  volumes  of  amniotic  fluid. 
These  experiments  are  still  in  prog- 
ress.* Experiments  by  De  Snoo  and 
Liley  suggest  that  the  human  fetus 


* Recent  work  in  our  laboratory  with  M.L.  Cheal 

3;sts  that  denatonium  benzoate  is  not  aversive  to 
orn  lambs.  There  is  apparently  a species  difference 
between  sheep  and  humans  in  the  response  to  Bitrex.  We 
are  pursuing  the  swallowing  experiments,  using  chemical 
which  are  aversive  to  new  born  lambs,  such  as  quinine 
HCl  and  Na  saccharin. 
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in  the  latter  part  of  gestation  responds 
to  intra-amniotic  injection  of  chemh 
cals  by  swallowing  more  or  less  amnio- 
tic  fluid  over  24  hours.  However, 
without  adequate  controls  for  viscos- 
ity and  pressure  effects  these  cannot 
be  called  taste  responses. 

From  the  experiments  on  fetal 
sheep,  what  conclusions  can  be  made 
about  the  development  of  the  sense  of 
taste?  First,  the  taste  buds  mature 
structurally  long  before  birth,  follow- 
ing a developmental  sequence  similar 
to  that  in  the  human.  Secondly,  for  at 
least  the  last  third  of  gestation  in  the 
sheep,  the  peripheral  taste  system  is 
functional.  Further,  neurophysiologi- 
cal response  characteristics  over  this 
period  are  similar  to  those  of  the 
adult.  Thirdly,  over  the  last  third  of 
gestation  the  fetus  swallows  large  vol- 
umes of  its  liquid  environment,  the 
amniotic  fluid.  Although  it  is  not  yet 
possible  to  conclude  that  the  fetus  can 
actively  respond  to  taste  stimuli  in 
utero,  we  hypothesize  that  the 
intrauterine  taste  experience  may  be 
biologically  significant. 

The  human  fetus  swallows  from 
about  12  weeks  of  gestation. Taste 
receptors  are  present  at  this  time,  so 
for  at  least  28  weeks  the  gustatory  sys- 
tem is  exposed  to  chemicals  in  the 
amniotic  fluid.  Chemicals  present  in 
amniotic  fluid  include  glucose,  fruc- 
tose, lactic,  pyruvic  and  citric  acids, 
fatty  acids,  phospholipids,  creatinine, 
urea,  uric  acid,  amino  acids,  polypep- 
tides, proteins,  and  salts. Since  the 
chemical  composition  of  amniotic 
fluid  is  not  static,  the  receptors  would 
not  be  adapted  to  a constant  stimulus. 
The  concentration  of  alanine  in 
human  amniotic  fluid  decreases  from 
0.65  mM  at  8 weeks  to  0.19  mM  at 
term;  valine  decreases  from  0.35  mM 


at  7 weeks  to  0.07  mM  at  term.^®*^’^ 
Citric  acid  decreases  from  0.3  mM 
at  6 months  to  0.1  mM  at  term.^ 
In  the  sheep  Na+  decreases  from 
116  mequiv/liter  at  100  days  of  gesta- 
tion to  86  mequiv/liter  at  term;  over 
the  same  period  urea  increases 
from  6 mM  to  12  mM.^®  These  few 
examples  illustrate  the  changing  com- 
position of  amniotic  fluid. 

In  addition  to  gradual  changes  in 
amniotic  fluid  composition,  short 
term  changes  also  occur.  The  fetus 
urinates  into  the  amniotic  fluid,  the 
volume  of  urine  ranging  from  173  to 
677  ml/day  in  the  fetal  sheep  near 
term.^’^^  The  sheep  fetus  urinates 
spontaneously  throughout  the  day,^® 
and  the  amniotic  fluid  composition 
would  be  altered  after  urination.  In 
between  swallowing  episodes,  when 
the  fetus  actually  drinks  amniotic 
fluid,  the  fetus’  mouth  is  presumably 
closed.  During  this  time  outpourings 
of  tracheal  fluid  and  possibly  se- 
cretions from  oral  mucous  and  sali- 
vary glands  may  stimulate  taste 
receptors. 

The  peripheral  and  central  taste 
system  develops  in  the  presence  of 
changing,  low  concentrations  of  a va- 
riety of  chemicals.  The  intrauterine 
environment  may  influence  the  for- 
mation of  neural  connections  in  the 
taste  system,  just  as  the  postnatal  envi- 
ronment of  the  kitten  influences  the 
neural  connections  in  the  visual  sys- 
tem.Perhaps  the  prolonged  fetal 
exposure  to  the  low  levels  of  chemi- 
cals in  amniotic  fluid  contributes  to 
neonatal  rejection  of  high  concentra- 
tions of  chemicals  or  of  chemicals  not 
present  in  utero.  The  rat  tends  to  as- 
sociate novel  chemical  stimuli  (e.g., 
those  which  do  not  taste  familiar)  with 
poison  more  readily  than  familiar 
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Stimuli. The  newborn  may  similarly 
reject  novel  chemical  stimuli.  One 
would  predict,  then,  that  newborns 
should  prefer  chemicals  at  concentra- 
tions close  to  those  in  amniotic  fluid 
over  chemicals  at  widely  differing 
concentrations  or  over  chemicals  not 
present  in  amniotic  fluid. 

Imposed  on  the  prenatal  taste  ex- 
perience is,  of  course,  the  postnatal 
exposure  to  taste  stimuli  discussed  at 
the  beginning  of  this  paper.  The 
postnatal  taste  experience  in  the 
human  comes  at  the  time  of  major 
development  of  neural  connections  in 
the  cerebral  cortex. In  species 
born  in  a precocial  state,  however, 
such  as  the  sheep  and  guinea  pig, 
more  cortical  development  takes  place 


before  birth. ^ So  for  these  species  the 
prenatal  taste  experience  may  have  a 
greater  influence  on  the  gustatory 
system. 

Although  we  do  not  yet  understand 
the  significance  of  the  early,  intra- 
uterine structural  and  functional  de- 
velopment of  the  taste  receptors,  we 
do  have  enough  information  to 
suggest  that  prenatal  experience  can- 
not be  ignored.  When  studying  the 
interaction  of  genetic  and  environ- 
mental factors  in  the  acquisition  of 
taste  preference  and  aversion,  it  is  not 
valid  to  conclude  that  the  presence  of 
a preference  at  birth  demonstrates  a 
genetic  basis.  Much  experience  with 
taste  stimuli  in  the  amniotic  fluid  en- 
vironment has  already  taken  place. 
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DISCUSSION 


Stanley;  Have  you  considered  re- 
cording tongue  responses? 

Mistretta:  No.  We  have  not  re- 
corded any  fetal  movements. 

Stanley:  Do  you  think  that  the  rate 
of  introduction  of  stimuli  was  so  slow 
that  it  didn’t  provide  an  effective 
stimulus? 

Mistretta:  It  may  be  that  rapidly 
injecting  a large  volume  of  a more 
concentrated  stimulus  would  be  more 
effective  in  eliciting  a response.  We 
have  tried  two  methods  of  introduc- 
ing stimuli  into  the  amniotic  fluid. 
Usually  we  inject  into  a catheter  that  is 
sutured  to  the  fetal  head.  When 
stimuli  are  injected,  they  flow  down 
over  the  nose.  In  a few  preparations, 
we  sutured  a catheter  to  the  inside 
of  the  fetal  cheek;  stimuli  were  actu- 
ally introduced  intra-orally.  Neither 
method  produced  consistent  results. 

We  have  an  additional  problem  to 
consider  in  these  experiments — that  is 
the  question  of  the  “state”  of  the  fetus. 
We  may  hear  more  about  this  tomor- 
row from  Dr.  Johnson  in  relation  to 
his  studies  on  newborns.  The  point  is 
that  fetuses  are  only  awake  and  re- 
sponsive a certain  portion  of  the  time. 
If  we  inject  a stimulus  during  an  un- 
responsive period,  we  cannot  expect 
to  induce  swallowing. 

Johnson:  Just  on  this  point  of  the 
state  of  the  fetus,  I think  there  is  some 
information  which  would  support 
your  concern  about  the  state  of  the 


fetus  and  the  species  difference.  It  is  j 
clear  now  that  the  sheep’s  fetal  breath-  ! 
ing  movements  occur  periodically  and  | 
its  sleep  state  is  cyclical  and  well  de- 
fined. It  is  also  clear  one  can  do  very  ■ 
little  to  stimulate  or  modify  the 
breathing  in  a non-breathing  period, 
so  that  nearly  50  to  60  percent  of  the 
time  there  is  nothing  we  can  do  to 
either  promote  or  depress  breathing, 
in  the  fetal  lamb.  During  the  other 
periods,  when  the  fetus  is  breathing, 
we  know  that  we  can  modify  that 
breathing.  At  these  times  the  fetus  is  : 
extremely  sensitive  to  respiratory  , 
stimuli.  The  same  may  apply  to  swal-  ■ 
lowing  activity.  i 

In  terms  of  Liley’s  work  on  human  j 
fetuses,  the  relative  sleep  periods  are  j 
quite  different  from  those  in  sheep.  * 
This  might  explain  the  differences  in 
experimental  results. 

Mistretta:  We  may  be  forced  to  | 
monitor  the  EEG  in  our  fetuses,  as 
well  as  other  parameters. 

Collier:  I would  like  to  suggest  a i 
far-fetched  interpretation  of  the  re- 
sults. If  you  look  at  guinea  pigs  and 
the  frequency  of  the  feeding  bouts 
that  they  have  from  the  day  they  are 
born  until  they  are  a year  or  two  old, 
you  find  they  feed  about  22  times  a 
day.  This  is  very  constant  even  though  * 
they  are  growing  and  the  amount  they 
eat  is  changing  very  greatly.  Perhaps 
what  we  have  is  a predetermined  fre- 
quency of  feeding  that  is  genetically 
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determined,  and  I am  wondering  if 
the  bouts  of  fetal  swallowing  in  your 
animals  might  just  have  the  same  fre- 
quency as  the  feeding  of  these  animals 
in  the  natural  state  under  normal  cir- 
cumstances. Then  what  you  are  look- 
ing at  is  the  predetermined  frequency 
of  feeding  rather  than  anything  to  do 
with  taste. 

Mistretta:  I agree  that  fetal  swal- 
lowing could  be  the  first  manifestation 
of  mammalian  feeding  behavior.  It 
may  be  that  individual  variations  in 
the  frequency  of  fetal  swallowing 
bouts  per  day  are  the  first  indication 
of  a preferred  newborn  feeding 
schedule.  But  I don’t  see  why  this 
should  preclude  the  possibility  of  in- 
ducing the  fetus  to  drink  more  or  less 
per  bout  depending  on  the  “flavor”  of 
the  amniotic  fluid. 

Lipsitt:  We  know  from  studies  of 
the  neonate,  both  human  and  canine, 
that  the  most  effective  stimulus  for 
eliciting  sucking  is  an  intra-oral 
stimulus  shaped  as  closely  as  possible 
like  that  of  the  natural  mother.  I 
would  like,  therefore,  to  make  the 
suggestion,  without  being  able  to  be 
entirely  specific,  that  you  have  to  find 
some  way  of  putting  a nipple  into  the 
mouth  of  the  fetus  in  utero  in  order  to 
take  the  best  possible  look  at  differ- 
ential taste  responses.  After  all,  the 
way  to  optimize  sucking  in  the  first 
place  is  to  use  an  appropriately 
shaped  intra-oral  stimulus.  Taste  con- 
trols the  sucking  parameters  after 
touch  starts  the  process.  You  have  to 
have  the  right  shape  nipple  to  start 
sucking,  then  the  right  taste  to  keep  it 
going. 

Weiffenbach:  Are  you  suggesting 
that  taste  may  be  capable  of  modify- 
ing sucking  l3ut  that  it  does  not  so 
readily  modify  swallowing? 


Lipsitt:  I did  not  have  that  in 
mind.  This  might  be  a worthwhile 
hypothesis.  My  own  view  would  be 
that  both  sucking  and  swallowing  are 
modified  by  taste,  but  we  are  not  clear 
on  the  relationships  at  the  present 
time.  This  is  an  area  of  investigation 
that  is  still  wide  open.  I suggest  that  if 
a suitable  means  of  offering  the  fetus 
an  optimizing  intra-oral  stimulus 
through  which  very  small  amounts  of 
tastants  could  be  delivered,  both  sweet 
and  bitter,  the  fetus’  sucking  move- 
ments would  provide  excellent  clues 
as  to  the  organism’s  affinity  for  these 
substances. 

Mistretta:  Technically  I don’t 

know  if  it  will  be  possible  to  do  what 
you  suggest,  but  you’ve  given  us 
something  to  think  about. 

Pfaffmann:  It  occurs  to  me  with 
the  time  rise  and  fall  of  the  stimulus 
you  use,  there  is  the  likelihood  of 
adaptation  or  habituation.  In  your 
foetal  sheep  when  the  taste  buds  are 
formed,  the  amniotic  medium  would 
seem  to  elicit  a continuous  barrage  of 
activity  all  the  time  and  to  which  you 
either  add  or  subtract  stimulation.  I 
think  you  would  have  to  devise  a way 
of  producing  a more  abrupt  impact  of 
impulses,  perhaps  by  flushing  out  the 
oral  cavity  with  water  or  some  other 
neutral  solution. 

Mistretta:  To  produce  a more 

abrupt  stimulation  we  tried  injecting 
stimuli  directly  into  the  fetal  mouth, 
as  I mentioned  to  Dr.  Stanley.  This 
did  not  improve  the  likelihood  of  in- 
ducing swallowing. 

Nowlis:  I have  a few  thoughts  that 
might  be  relevant  to  a pursuit  of  fetal 
swallowing.  Miller  and  Sherrington  ^ 

' Miller,  F.  R.,  and  Sherrington,  C.S.  Some  observa- 
tions on  the  buccopharyngeal  stage  of  reflex  deglutition 
in  the  cat.  Quart.],  exper.  Physiol.,  9:147-186,  1916. 
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found  in  the  acute  decerebrate  cat 
that  almost  any  fluid,  noxious  or 
otherwise,  would  elicit  a swallow  when 
administered  to  the  wall  of  the 
pharynx,  the  soft  palate,  the  epiglot- 
tis, or  the  extreme  posterior  portion 
of  the  dorsum  of  the  tongue.  Most 
noxious  fluids,  including  quinine, 
seemed  not  to  have  an  inhibitory  in- 
fluence on  the  swallow  on  the  first  few 
applications,  but  subsequent  applica- 
tions elicited  not  swallowing,  but 
retching.  This  is  a very  interesting 
finding.  The  swallow  is  important 
enough  in  keeping  fluids  out  of  the 
airways  that  apparently  its  elicitation 
is  not  inhibited  unless  another  reflex 
which  can  protect  the  airways  has 
been  recruited.  Whether  this  inhibi- 
tion of  the  swallow  is  a function  of 
direct  inhibition  from  the  retch  reflex 
to  the  noxious  substance  in  the 
stomach,  or  a conditioned  retch  now 
elicitable  with  direct  chemical  stimula- 
tion of  the  oropharynx  is  an  interest- 
ing empirical  question.  In  either  case, 
it  seems  possible  that  the  maturation 
of  this  relationship  between  retch  and 
swallow  could  be  a prerequisite  for 
negative  gustatory  influence  over  the 
swallow. 

In  the  case  of  influence  from  the 
taste  buds  on  the  anterior  tongue, 
another  type  of  reflex  ^ may  be  neces- 
sary to  affect  the  likelihood  of  a swal- 
low, whereby  the  tongue  either 
pushes  a bolus  back  toward  the  recep- 
tive field  for  swallow,  or  out  of  the 
mouth,  depending  on  the  taste.  Ap- 
parently one  has  to  wait  a week  or  two 


' Nowlis,  'faste-elit  iicd  longue  movements  in 

Iniman  newljorn  infants:  An  ait[)roacn  to  jjalatability.  In: 
Bosma,  J.I''.  (VA.),  Fourth  Symposium  on  Oral  Sensation  and 
Ferr.eption,  Wasfiington,  Superintendent  of  Documents, 
U.S.  fiovernment  Printing  Office,  1973,  pp.  272-303. 


after  decerebration  before  such 
reflexes  appear.  It  would  be  interest- 
ing to  know  whether  such  tongue 
movements  are  present  in  your  fetal 
preparation,  and  if  so,  whether  they 
can  produce  any  local  fluid  pressure 
fluxes  in  the  area  of  the  receptive  field 
for  swallow.  Since  this  area  is  already 
replete  with  fluid  in  the  fetus,  it 
would  be  exciting  simply  to  find  what 
it  is  that  elicits  swallowing  in  this 
preparation. 

Mistretta:  Thank  you  for  your  in- 
teresting and  informative  comments. 
I think  that  one  thing  to  keep  in  mind, 
though,  is  that  you  could  look  on  our 
experiments  as  fetal  preference  tests. 
That  is,  whether  or  not  we  “turn  on”  a 
swallow  may  not  be  of  significance. 
But  rather,  if  the  amniotic  fluid  is 
constantly  modified  to  taste  unpleas- 
ant, will  the  fetus  on  beginning  to 
swallow,  stop  swallowing  or  swallow 
less  because  it  detects  something  aver- 
sive? And  vice  versa  for  pleasant  tast- 
ing injections? 

Weiffenbach:  I think  there  have 
been  several  of  us  saying  the  same 
thing.  At  least,  I hope  the  other 
people  are  saying  what  I am  trying  to 
say.  Consider  a model  in  which  taste 
stimulation  of  the  tongue  affects  re- 
sponding in  the  muscles  that  control 
the  shape  of  the  mouth,  that  is  suck- 
ing. These  sensory  motor  connections 
might  or  might  not  be  functional,  but 
without  a nipple  to  complete  the  seal 
at  mouth  there  might  be  no  effect  on 
swallow.  Beyond  the  relation  of  taste 
stimuli  on  the  tongue  to  mouth  shape 

2 Bard,  P.  and  Macht,  M.  B.  The  behaviour  of  chroni- 
cally decerebrate  cats.  In:  Wolstenholme,  G.E.W.,  (Ed.) 
Ciba  Foundation  Symposium  on  the  Neurological  Basis  of  Be- 
havior. Boston:  Little,  Brown,  1958,  55-75. 

■'*  Miicht,  M.B.  Subcorticai  localization  of  certain  “taste” 
responses  in  die  cat.  Fed.  Froc.,  1951,  fO:  88  (abstract). 
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there  is  the  relation  of  fluid  pressures 
j|l  to  swallowing.  Even  if  the  taste-suck 
I mechanism  were  capable  of  perform- 
ance  from  the  time  the  taste  buds  be- 
I came  functional,  the  mechanical  ar- 
' rangement  of  the  mouth  might  keep 
j the  taste  related  changes  in  shape 
^ from  leading  to  swallow  until  the  or- 
I ganism  prehends  a nipple  and  thus 
alters  the  relation  between  changes  in 
mouth  shape  and  pressure. 

One  consequence  of  this  is,  I be- 
I lieve,  that  you  might  think  of  seeing  if 
jj  the  taste  stimuli  you  deliver  elicit  any 
i non-swallow  feeding  movements. 

;l  Desor:  Do  your  esophogeal  flow- 
; meters  measure  flow  in  both  direc- 
! tions? 

I Mistretta:  Yes. 
i Desor:  Have  you  observed  any 
I regurgitation?  I’m  asking  because  we 
I have  observed  some  regurgitation  of 
sour  stimuli  by  human  newborns.^ 
The  infants  did  not  reduce  their  in- 
i take  of  water  when  a sour  compound 
: was  added  to  it,  but  after  ingestion, 

I the  sour  solution  was  more  likely  to 
, come  back  up.  This  suggests  the  pos- 
j sibility  that  food  rejection  in  new- 
I borns  involves  not  only  the  oral  cavity, 
but  the  gastrointestinal  tract  down  to 
and  including  the  stomach.  Clearly, 
newborns  exert  some  control  at  the 
oral  level  (e.g.,  they  take  in  less  water 
I than  sweet  solutions  ^),  but  there  may 
ji  be  a further  screening  of  fluids  some- 
where further  down  the  GI  tract.  This 
I would  be  adaptive  since  it  appears 
that  the  newborn  cannot  completely 
‘ inhibit  ingestion:  at  least  some  small 


'Desor,  J.,  Mailer,  O.,  & Andrews,  K.  Ingestive  re- 
sponses of  human  newborns  to  salty,  sour,  and  bitter 
stimuli.  Journal  of  Comparative  and  Physiological  Psychology, 
in  press. 

Desor,  J.,  Mailer,  O.,  & Turner,  R.  Taste  in  accept- 
ance of  sugars  by  human  infants. /owmaZ  of  Comparative 
and  Physiological  Psychology,  1973,  84:496-501. 


amount  of  anything  offered  through 
a nipple  to  a newborn  seems  to  get  to 
his  stomach.^ 

There  is  an  interesting  extension  of 
this  observation  suggested  by  discus- 
sions with  Paul  Rozin.  First,  it  seems 
to  me  that  infants  do  alot  of  gagging 
and  vomiting  in  general.  Anyone  who 
has  been  around  infants  will  probably 
agree  that  it  is  not  uncommon  to  have 
them  spit  up  on  you,  whereas  it  is 
unusual  for  toddlers  or  adults  to  re- 
gurgitate their  food.  Second,  if  you 
think  about  how  older  infants  or 
toddlers  reject  food,  it  seems  they 
often  take  food  (and  other  things) 
into  the  mouth  and  then  spit  them 
out.  Perhaps  at  this  age,  there  is  little 
inhibition  of  taking-into-the-mouth, 
but  swallowing  can  be  inhibited,  so 
that  at  this  stage,  some  amount  of 
nearly  everything  offered  reaches  the 
oral  cavity  and  is  rejectable  from 
there.  Adults  typically  reject  food  out- 
side the  mouth;  selection  is  made  prior 
to  putting  anything  in  the  mouth.  In 
adults,  virtually  anything  that  is  taken 
into  the  mouth  is  committed  to  going 
through  the  entire  GI  system.  Neither 
spitting  out  (oral  rejection)  nor  re- 
gurgitation (stomach  rejection)  is  a 
noticeable  part  of  the  adult  repetoire. 

These  informal  observations 
suggest  a developmental  sequence  of 
the  rejection  side  of  food  selection 
which  complements  Dr.  Nowlis’ 
theory  (Chap.  14).  It  may  be  that  early 
in  development,  some  amount  of  any- 
thing offered  reaches  the  stomach 
and  is  easily  rejectable  from  there. 
With  development,  the  “point  of  no 
return”  moves  progressively  forward 
such  that  in  toddlers,  it  is  inside  the 
mouth  and  in  adults,  it  is  outside  the 
mouth. 

Mistretta:  We  have  not  observed 
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significant  movement  of  fluid  out  of 
the  esophagus,  that  is,  from  stomach 
to  mouth.  The  sheep  does  not  begin 
to  ruminate  until  some  weeks  after 
birth,  so  we  did  not  expect  to  find 
evidence  of  rumination. 

Webber:  Since  you  have  essentially 
a closed  system  in  utero,  it  seems  to 
me  it  is  pretty  difficult  to  ignore  food 
balance  in  general  as  a mediating  in- 
fluence over  the  long  run  in  terms  of 
the  amount  of  fluid  you  have  taken  in. 

Mistretta:  At  the  Nuffield  Insti- 
tute for  Medical  Research  in  Oxford 
we  were  fortunate  to  collaborate  for  a 
short  time  with  Dr.  Heather  Shelley. 
We  were  injecting  glucose  into  the 
amniotic  fluid,  assuming  1000  ml  of 
amniotic  fluid  and  trying  to  attain  a 
concentration  of  one  molar,  which  is 
very  high.  Dr.  Shelley  found  that  the 
glucose  levels  in  the  amniotic  fluid 
had  returned  to  normal  18-24  hours 
post-injection.  We  have  not  been  able 
to  monitor  disappearance  of  Bitrex 
but  have  tasted  the  amniotic  fluid 
every  day  after  injection.  The  bitter 
taste  remains  for  3-4  days. 

Grinker:  I wonder  whether  the 
bouts  of  foetal  swallowing  can  be  re- 
lated to  the  mother’s  short-term  nutri- 
tional status.  Is  there  a relationship 
between  the  mother’s  feeding  and  the 
swallowing? 

Mistretta:  We  haven’t  done  any 
experiments  on  possible  relationships 
between  the  ewe’s  nutrition  and  fetal 
swallowing.  Food  and  water  are  avail- 
able to  the  ewe  ad  libitum. 

Galef:  It’s  not  clear  to  me  on  what 
model  you  predict  a different  rate  of 
swallowing  in  fetal  sheep  as  a function 
of  the  taste  of  the  amniotic  fluid. 
Because  the  sensory  receptors  are 
continuously  bathed  in  the  fluid  re- 
gardless of  the  behavior  of  the  sheep. 


there  are  no  reinforcement  con- 
tingencies resulting  from  active  swal- 
lowing. There  is  not  much  reason  to 
expect  changes  in  frequency  of  swal- 
lowing on  an  operant  model. 

Mistretta:  The  reason  to  expect 
more  swallowing  is  that  if  the  fetus 
can  detect  a pleasant  tasting  fluid,  it 
should  choose  to  ingest  more  of  it;  if  it 
detects  something  unpleasant,  it 
should  ingest  less  of  it,  or  none  at  all. 
The  reinforcement  would  be  pro- 
vided by  the  taste  of  what  the  fetus 
drinks. 

Galef:  Only  assuming  that  the  swal- 
lowing, like  sucking,  turns  out  to  be 
under  stimulus  control  by  taste. 
There  doesn’t  seem  to  be  good  reason 
to  wire  the  animal  that  way  because  in 
the  normal  circumstances  the  amni- 
otic fluid  remains  relatively  constant. 
There  aren’t  going  to  be  tastes  there. 

Mistretta:  I cannot  agree  that 
there  are  not  taste  stimuli  normally 
present  in  amniotic  fluid.  The  con- 
centrations of  various  chemicals  in 
amniotic  fluid  are  changing  daily. 
After  fetal  urination,  the  chemical 
composition  also  changes.  Although 
we  do  not  know  whether  the  fetus  can 
detect  these  changes,  we  cannot  yet 
rule  out  of  the  possibility  that  taste 
stimuli  are  usually  present  in  utero. 

Pfaffmann:  A number  of  speakers 
have  been  remarking  that  sucking  is 
under  the  stimulus  control  of  taste.  I 
would  prefer  to  believe  that  but,  as  I 
read  the  literature,  it  doesn’t  appear 
to  be  the  case.  Sucking  is  under  the 
primary  control  of  tactual  or  mechan- 
ical pressure.  Taste  can  be  shown  to 
have  an  effect  once  sucking  gets 
going. 

In  evolutionary  terms,  why  should 
some  of  these  tastes  be  present  at  the 
neonatal  stage  in  so  many  mammals? 
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One  could  say  they  are  there  to  insure 
that  the  animal  maintains  the  sucking 
reflexes  once  started.  Sucking  may  be 
sweet-dependent  or  fat-dependent  or 
dependent  on  many  other  things  that 
are  in  the  milk.  But  the  primary 
! stimulus  is  tactual — as  I think  Walt 
Stanley  pointed  out.  If  you  put  your 
finger  in  the  mouth  of  some  of  the 
young  beagle  pups,  they  will  hang 
onto  your  finger.  Sucking  is  a very 
strong  response  regardless  of  whether 
the  pups  are  getting  anything  or  not, 
although  I know  there  will  be  evi- 
dence presented  here  that  shows  taste 
to  have  an  important  modulating 
influence. 


Mistretta:  But  once  an  animal 
is  drinking,  or  once  a fetus  is  swal- 
lowing, taste  can  certainly  modify 
ingestion. 

Weiffenbach:  It  would  seem  we 
have  a two-stage  modulation.  In  order 
for  a tactual  stimulus  to  be  a good 
eliciter  of  sucking,  you  have  to  have 
an  infant  in  the  appropriate  state. 
Then,  given  that  you  have  an  or- 
ganism that  is  in  a state  to  suck  and 
that  he  is  sucking,  the  potential  exists 
for  using  taste  as  a modifier  of  that 
ongoing  sucking. 


Chapter  5 


DEVELOPMENTAL  CHANGES  IN  RAT 
FUNGIFORM  PAPILLA  POPULATIONS 


Patricia  W.  Henderson  and  Grant  K.  Smith 


Taste  buds  depend  on  an  intact 
nerve  supply  for  their  development 
and  continued  existence.  They  disap- 
pear following  denervation  of  the 

tongue  2 7,26,19-21,14,28,23,24,12,13,3,29-34 

and  regenerate  following  reinnerva- 
tion by  a gustatory  nerve. 

Attempts  to  induce  regeneration  in 
situ  by  reinnervation  with  non- 
gustatory  sensory  or  motor  nerve 
have  not  been  successfuP^’^^’^®  al- 
though explants  of  lumbar  sensory 
ganglia  have  induced  taste  bud  for- 
mation in  vallate  papillae  grafted  into 
the  anterior  chamber  of  the  eye.^^ 
These  and  similar  observations 
have  been  used  by  analogy  to  explain 
the  processes  underlying  ontogenetic 
development  and  the  analogy  has  re- 
ceived some  support.  For  example 
Torrey  pointed  out  that  although 
the  gustatory  nerve  enters  the  epithe- 
lium of  the  rat  tongue  about  the  day 
of  birth,  taste  buds  do  not  develop 
until  about  the  ninth  day  of  life.  In  a 
series  of  experiments  also  employing 
transplants  into  the  anterior  chamber 
of  the  rat  eye,  he  showed  that  taste 
buds  will  develop  in  the  absence  of 
nerve  provided  that  the  transplant  is 
done  between  days  7 and  9 postpar- 
tum. The  results  indicate  that  on  or 
about  day  7 the  nerve  exerts  a trophic 
effect  on  the  epithelium  which  in- 
duces it  to  differentiate  into  taste  buds 


on  day  9 even  though  the  nerve  is 
decentralized. 

The  mechanisms  responsible  for 
the  localization  of  the  gustatory  nerve 
and  the  development  of  taste  buds  in 
gustatory  epithelium  are  much  less 
clear.  Taste  buds  occur  mainly  on  the 
dorsal  surface  of  the  tongue  in  associ- 
ation with  papillae  of  some  sort 
although  they  are  also  found  on  the 
lips,  nasopharynx  and  other  portions 
of  the  buccal  mucosa  not  in  associa- 
tion with  papillae. An  identifiable, 
differentiated  anatomical  structure  is, 
apparently,  not  necessary  for  the 
formation  of  taste  buds.  When  the 
papilla  is  present,  however,  it  seems  to 
be  the  precursor  of  taste  bud  forma- 
tion as  its  development  begins  before 
the  nerve  penetrates  the  epithelial 
layer. In  the  adult  rat  testosterone 
treatment  can  cause  taste  buds  to 
develop  on  areas  of  the  circumvallate 
papilla  where  they  do  not  normally 
occur,  but  not  on  other  areas  of 
the  tongue.^®  Farbman  ^ reports 
that  children  suffering  from  familial 
dysautonomia,  a syndrome  which 
includes  disturbances  of  taste  percep- 
tion and  discrimination,  seem  com- 
pletely lacking  in  fungiform  papillae. 
He  is  led  to  conclude  that  papillae 
provide  loci  on  the  dorsum  of  the 
tongue  with  a predisposition  for  the 
development  of  taste  buds.  It  appears 
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that  papillae  may  create  the  condi- 
tions for  growth  of  the  nerve  into 
proximity  with  cells  of  the  papillary 
epithelium  which  then  differentiate 
into  taste  buds  under  the  trophic 
influence  of  the  nerve.  The  stimulus 
for  the  formation  of  papillae  is  not 
known. 

Thus  taste  bud  bearing  papillae  of 
the  rat  tongue  seem  to  be  deeply 
involved  in  determining  the  location 
of  taste  bud  development.  There  is 
evidence  also  that  they  may  strongly 
influence  the  response  characteristics 
of  gustatory  nerve  fibres.  Oakley 
describes  cross-innervation  experi- 
ments in  which  the  proximal  end  of 
the  chorda  tympani  is  grafted  into  the 
distal  stump  of  the  glossopharyngeal 
nerve.  Following  regeneration,  the 
pattern  of  sensitivity  to  sapid  stimuli 
of  fibres  of  the  chorda  tympani  nerve 
changes  to  that  characteristic  of 
glossopharyngeal  fibres.  In  view  of 
this  evidence  that  the  papillae  may 
play  a dominant  role  in  the  develop- 
ment of  gustatory  receptors  we  have 
undertaken  a study  of  the  course  of 
development  of  the  papilla  popula- 
tion and  factors  which  may  influence 
this  development. 

The  taste  bud  bearing  papillae  of 
mammalian  tongue  fall  into  three 
classes-circumvallate  which  lie  along  a 
V-shaped  ridge  dividing  the  tongue, 
foliate  usually  on  the  lateral  margins 
of  the  tongue,  and  fungiform  on  the 
anterior  two  thirds.  Filiform  papillae 
are  usually  rough  projections  of  cor- 
nified  epithelium  which  cover  the  an- 
terior two  thirds  of  the  tongue  and  do 
not  carry  taste  buds.  In  the  adult  rat 
the  fungiform  papillae  each  bear  a 
single,  central  taste  bud.  Papillae 
begin  to  develop  prenatally,  and  are 
visible  on  the  surface  of  the  tongue 


about  the  time  of  birth.  Over  the  first 
two  to  three  weeks  of  extrauterine  life 
innervation  occurs  and  taste  buds  de- 
velop.It  is  during  this  same  period 
that  the  animal  changes  its  mode  of 
food  intake  twice,  and  develops  taste 
preferences  dependent  on  the  mater- 
nal diet  which  carry  forward  into 
adulthood.®  It  seemed  reasonable  to 
speculate  that,  among  the  unknown 
factors  determining  the  pattern  of 
papilla  (and  hence  taste  bud) 
development,  there  may  be  some 
components  of  the  early  feeding 
experience. 

There  are  reports  in  the  literature 
that  more  taste  buds  may  be  found  on 
the  tongues  of  foetal  and  infant  rats 
than  on  those  of  adults.®’^  These 
claims  have  not  been  accompanied 
by  reports  of  differences  in  the  num- 
ber of  papillae  on  infant  and  adult 
tongues.®  The  work  we  will  describe 
first  examines  in  detail  the  number  of 
fungiform  papillae  on  the  rat  tongue 
from  before  birth  to  about  3 months 
of  age.  It  then  attempts  to  isolate 
some  of  the  variables  that  may  be  re- 
sponsible for  determining  the  timing 
of  the  development  of  the  papilla 
population. 

Long-Evans  hooded  rats  were  bred 
in  the  laboratory.  Pregnancies  were 
dated  from  the  first  appearance  of 
sperm  in  the  vaginal  smear.  Some 
foetuses  were  taken  by  caesarian  sec- 
tion under  barbiturate  anaesthesia, 
others  were  born  normally  and 
housed  with  their  biological  mothers 
or  cross-fostered  as  described  below. 
Tongues  were  removed  under  bar- 
biturate anaesthesia  and  the  surface 
was  stained  with  methylene  blue. 
Fungiform  papillae  do  not  take  up 
the  dye  and  are  seen  in  contrast 
to  filiform  papillae  which  stain  dark 
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blue  and  surrounding  epithelium 
which  stains  less  darkly.  The  number 
and  distribution  of  papillae  on  each 
tongue  were  obtained  from  large  scale 
maps  drawn  with  the  aid  of  a binocu- 
lar operating  microscope.  Each  data 


point  is  the  mean  of  counts  from  four 
animals  of  the  same  age  but  from  dif- 
ferent litters.  The  confidence  limits 
indicated  on  the  graphs  are  the  stand- 
ard deviations. 


EXPERIMENT  1:  THE  NORMAL  POPULATION  GROWTH  CURVE 


Methods 

Samples  were  taken  just  before 
birth  and  at  five  day  intervals  there- 
after to  90  days.  The  first  eight  hours 
of  extrauterine  life  and  the  period  be- 
tween days  15  and  25  were  then  inves- 
tigated in  more  detail.  Up  to  day  35 
the  animals  were  housed  with  their 
biological  mothers  in  separate  labo- 
ratory cages,  with  food  and  water 
available,  and  allowed  to  wean  nor- 


mally. Following  separation  from  the 
mother  two  animals  of  the  same  sex 
were  housed  in  each  cage. 

Results 

The  results  are  plotted  in  Figure 
5-1  and  show  that  on  the  20th  day  of 
gestation  (birth  normally  occurs  on 
the  2 1st)  no  fungiform  papillae  can  be 
seen  by  our  method.  By  the  fifth 
postnatal  day  the  number  has  risen  to 


Figure  5-1.  The  curve  of  numbers  of  non-staining  fungiform  papillae  visible  on 
the  tongues  of  hooded  rats  through  the  first  90  days.  There  are  two  postnatal 
periods  of  increase,  the  first  (Phase  1)  occurring  by  day  5,  the  second  (Phase  2) 
between  days  15  and  25. 
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PERIOD  AGE  IN  HOURS 


Figure  5-2.  Results  of  a detailed  study  of 
phase  1.  Non-staining  papillae  first  appear 
during  labor  and  their  numbers  increase 
rapidly  during  the  first  4 postnatal  hours,  the 
rate  of  increase  then  slows.  Phase  1 increases 
are  essentially  complete  by  the  end  of  the 
eighth  postnatal  hour. 

about  110  where  it  remains  virtually 
unchanged  through  day  10.  By  day  15 
the  number  has  begun  to  increase 
again  and  it  continues  to  rise  until  day 
25  when  a second  plateau  is  reached 
at  about  170;  around  day  80  the 
number  declines  again  slightly  to  the 
adult  level  of  about  150. 

A closer  examination  of  the  two 
growth  phases  was  then  made.  Daily 
samples  over  the  first  five  postnatal 
days  indicated  that  the  initial  growth 
phase  (Phase  1)  takes  place  before  the 
neonate  is  24  hours  old,  as  all  counts 
over  this  period  were  approximately 
110.  Foetal  rats  were  examined  on  the 
20th  day  of  gestation,  and  there  were 
no  fungiform  papillae  discernible  on 
the  tongues  at  this  stage  of  develop- 
ment. On  the  21st  day  of  gestation, 
after  the  onset  of  labour,  five  pairs  of 
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AGE  IN  DAYS 

Figure  5-3  Phase  2 of  the  papilla  population 
curve.  This  development  takes  place  over  the 
3rd  and  4th  week  of  postnatal  life,  coinciding 
with  the  time  of  weaning. 

papillae  appear  arranged  along  the 
central  sulcus  in  the  mid-portion  of 
the  tongue  (Fig.  5-4).  Shortly  after 
birth  a rapid  growth  period  begins, 
(Fig.  5-2)  slowing  after  4 hours  and 
ending  after  8 hours.  There  is  very 
little  variability  among  tongues  of  the 
same  age. 

Daily  samples  were  also  taken  from 
day  15  to  day  25  and  the  results  are 
shown  in  Figure  5-3.  This  growth 
period  (Phase  2)  is  much  slower  than 
the  first  one,  more  uniform  in  the  rate 
of  change,  but  variability  among  ani- 
mals of  the  same  age  is  somewhat 
greater. 

Figure  5-4  shows  maps  of  four 
tongues  made  on  the  day  of  birth 
indicating  the  pattern  of  development 
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which  invariably  begins  with  5 pairs  of 
fungiform  papillae  aligned  along  the 
central  sulcus.  Subsequently  papillae 
appear  more  and  more  laterally, 
further  anteriorly,  and  then  further 
posteriorly. 

Discussion 

The  two  periods  of  rapid  increase 
in  fungiform  papilla  population  are 
separated  by  a period  of  about  two 
weeks  duration  during  which  the 
population  size  remains  roughly  con- 
stant. Farbman^  and  Mistretta^^  have 
both  reported  that  in  albino  rats 
fungiform  papillae  are  maturing  dur- 
ing this  period  and  neither  reports 
seeing  newly  forming  papillae  after 
the  hrst  2 or  3 days  of  extrauterine 
life. 

Fish,  Malone  and  Richter  ® failed  to 
notice  any  changes  in  population  size 
over  the  period  from  8 hours  to  466 
days.  However  they  took  only  103 
samples  in  that  interval  and  the  range 
of  values  they  report  is  not  very  dif- 
ferent from  ours.  The  second  popula- 
tion increase  (Phase  2)  has  not  to  our 
knowledge  been  reported  elsewhere. 
We  do  not  yet  know  whether  papillae. 


once  formed,  remain  or  whether 
some  degenerate.  There  is  a rapid 
turnover  of  cells  in  the  adult  taste 
bud.  Beidler  and  Smallman  ^ report 
that  taste  bud  cells  have  an  average 
lifetime  of  250  ± 50  hours,  but  there  is 
no  indication  that  papillae  have  a simi- 
lar fast  turnover  rate.  If  they  do  not 
then  we  have  to  conclude  that  Phase  2 
mainly  represents  the  maturation  of  a 
new  set  of  papillae  which  began  their 
development  some  10  to  15  days  after 
those  of  Phase  1. 

These  periods  of  increase  in  net 
papilla  population  coincide  with 
changes  in  the  manner  of  nutrient  in- 
take, the  first  occurring  in  a very  brief 
period  at  birth  when  suckling  is  be- 
gun, the  second  taking  place  more 
gradually  over  the  third  and  fourth 
weeks  of  postnatal  life  during  the 
transition  from  suckling  to  self- 
feeding. The  presence  of  this  tem- 
poral relationship  between  develop- 
ment and  behaviour  prompted  our 
next  experiment.  If  the  papilla  popu- 
lation is  changing  during  the  transi- 
tion to  self-feeding,  it  is  reasonable  to 
suppose  that  there  may  be  some 
interaction  between  feeding  be- 
haviour and  papilla  development. 


EXPERIMENT  2:  EARLY  AND  LATE  WEANING 


Methods  the  amount  consumed  until  solids 

constitute  the  whole  diet  and,  over  the 
Normally,  young  rats  begin  about  same  period,  ingesting  decreasing 
day  16  to  sample  very  small  quantities  proportions  of  mother’s  milk.  We  de- 
of  solid  foods,  gradually  increasing  cided  to  alter  this  pattern  of  weaning 
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4a  - BEFORE  BIRTH 


4b-  2hrs.-  37  PAPILLAE 


l]  Figure  5-4.  Maps  of  the  distribution  of  non-staining  papillae  during  Phase  1. 

Ij  4a  Prenatal  and  immediately  postnatal  distribution.  Five  pairs  of  papillae  are  ranged  along 
the  central  sulcus,  in  mid-tongue. 

■ 4b  Two  hours  postnatal.  Increase  is  both  lateral  and  anterior  in  direction.  Tip  of  tongue  is 
i still  unpopulated. 

I 4c  Four  hours  postnatal.  Papillae  are  now  in  evidence  at  tip  of  tongue.  Distribution  is 
! denser  in  mid-tongue. 

I 4d  Eight  hours  postnatal.  Phase  1 is  completed.  The  central  sulcus  remains  free  of  visible 
ij  papillae.  This  pattern  of  distribution  and  population  size  is  found  on  all  tongues  up  to 
ij  the  beginning  of  Phase  2. 

I 
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by  establishing  three  groups  of  four 
litters  each  as  follows: 

Early  Weaning  groups  were  sep- 
arated permanently  from  their 
mothers  on  day  15,  weaned  first  to  a 
soft  diet  of  Pablum  and  Esbilac  (a 
commercial  milk  substitute),  and  then 
to  standard  laboratory  rat  chow. 

Late  Weaning  groups  were  not  al- 
lowed access  to  any  solid  foods, 
mother’s  faeces,  or  water  for  the  du- 
ration of  the  experiment.  Their 
mothers  were  fed  away  from  the 
home  cage  in  three  1-hour  periods 
daily,  the  water  bottle  in  the  home 
cage  was  suspended  above  the  reach 
of  the  pups,  and  the  litters’  total  food 
intake  consisted  of  mother’s  milk. 

Control  litters  were  allowed  to 
wean  normally  with  food  and  water 
available. 

Samples  from  each  condition  were 
mapped  and  counted  on  days  17,  20, 
24,  and  28. 

Results 

Normally  weaned  controls  have 
completed  Phase  2 by  day  24.  As  can 
be  seen  in  Figure  5-5  those  animals  in 
the  Early  Weaning  condition  show  an 
accelerated  rate  of  increase  in  papilla 
numbers,  completing  Phase  2 by  day 
20.  In  the  Late  Weaning  condition, 
the  rate  of  increase  in  numbers  is  con- 
versely affected,  and  the  full  comple- 
ment of  papillae  has  not  been  attained 
by  day  28.  There  is  no  evidence  that 
the  final  number  in  the  Early  Wean- 
ing group  significantly  exceeds  that  in 


the  normals;  the  number  in  the  Late 
Weaning  group  is  still  rising  at  the 
end  of  the  experiment  but  shows  no 
sign  of  failing  to  reach  the  normal 
level.  I 

Discussion 

By  altering  weaning  conditions  we 
have  succeeded  in  changing  the  rate 
of  increase  but  not  the  final  number 
of  papillae  in  this  period  of  develop-  i 
ment,  so  that  completion  of  Phase  2 in  , 
the  two  experimental  conditions  has 
been  separated  by  more  than  8 days. 
The  explanation  for  these  changes 
could  be  that  ingestion  of  solid  food 
stimulates  the  maturation  of  a second 
population  of  papillae.  It  could  also 
be  that  mechanical  or  other  effects  as-  | 
sociated  with  the  suckling  or  mother- 
ing process  retard  the  maturation  of  , 
the  second  population.  A third  possi- 
bility is  that  a factor  in  maternal  milk  ' 1 
suppresses  maturation.  If  either  of 
the  last  two  factors  is  operating  its  ef-  ■ 
feet  must  diminish  with  age  as  Phase  2 
does  occur  in  the  Late  Weaning  group  1 
although  its  onset  is  delayed  and  its  , 
rate  slowed.  The  diminishing  effect  e 
may  be  due  to  loss  of  susceptibility  of  , 
the  tongue  epithelium  to  such  factors  ' " 
or  to  the  disappearance  of  the  inhibit-  f 
ing  agent  from  the  milk.  These  two  d 
possibilities  can  be  distinguished  by 
cross  fostering  pups  with  mothers  tl 
which  gave  birth  either  earlier  or  later  tl 
in  time  than  the  birth  date  of  the 
pups. 
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Figure  5-5.  The  effects  of  weaning  conditions 
on  Phase  2 of  papilla  population  develop- 
ment. 

Control  group,  weaned  normally,  complete 
Phase  2 around  day  24. 

Early  Weaning  group,  weaned  at  day  15, 
show  accelerated  development,  completing 
Phase  2 around  day  20. 

Late  Weaning  group,  not  weaned  by  day  28, 
show  retarded  development,  Phase  2 not 
completed  by  day  28. 

Weaning  procedures  affect  the  rate  of 
development. 


EXPERIMENT  3:  EFFECTS  OF  CROSS  FOSTERING  LITTERS  WITH 
MOTHERS  OF  DIFFERENT  POST  PARTUM  AGES 


Methods 

Again  three  groups  of  litters  were 
established  as  follows: 

Late  lactating  mother  (LLM)  group  in 
which  at  one  day  of  age  the  pups  were 
fostered  to  mothers  which  were  six 
days  post  partum. 

Early  lactating  mother  group  in  which 
the  pups  were  kept  for  1 1 days  with 
their  biological  mother  and  then  fos- 


tered to  a mother  which  was  one  day 
post  partum.  Part  of  this  group  was 
maintained  by  this  mother  until  wean- 
ing (ELM  1)  while  another  part  was 
cross-fostered  again  on  the  16th  day 
of  age  to  another  mother  which  was  1 
day  post  partum  (ELM  2). 

Control  group  reared  in  the  usual 
manner  with  their  biological  mothers. 
Mothers  in  all  experimental  groups 
reared  a mixed  litter  of  12  with  pups 
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from  each  condition.'  No  weaning 
constraints  were  imposed  on  any  of 
the  groups  and  lab  chow  and  water 
were  always  available. 

Samples  from  each  condition  were 
counted  as  before  on  days  17,  20  and 
24. 

Results 

The  results  are  plotted  in  Figure 
5-6  and  show  that  in  pups  raised  by 
mothers  of  older  post  partum  age 
Phase  2 was  advanced  while  in  those 
raised  by  mothers  of  earlier  age  it  was 
retarded.  The  second  cross  fostering 
moves  the  maturation  curve  later  still. 

Discussion 

These  results  give  evidence  that  the 
maturation  of  papillae  is  suppressed 
either  by  some  aspect  of  the  suckling 
experience  or  by  some  component  of 
maternal  milk  when  the  mother  is  in 
the  early  stages  of  lactation,  and  that 
this  influence  wanes  with  the  post  par- 
tum age  of  the  mother.  It  is  still  possi- 
ble that  the  important  variable  is 
weaning  or  experience  with  solid 
food.  There  is  no  evidence  that  wean- 
ing or  self  feeding  occur  earlier  in 
animals  nursed  by  late  lactating 
mothers  than  in  animals  reared  by 
their  biological  mothers.  Yet  these 
possibilities  have  by  no  means  been 
eliminated.  One  further  important 
possibility  is  that  the  effect  on  papilla 
maturation  is  part  of  a general  effect 
on  maturation  exerted  by  undernutri- 
tion or  deficiencies  in  maternal  care  in 
one  or  the  other  of  the  experimental 
conditions.  Early  lactating  mothers 
may  well  provide  inappropriate  ma- 
ternal care  or  milk  of  insufficiently 


17  20  24 


AGE  IN  DAYS 

Figure  5-6.  The  effects  of  cross  fostering  to 
mothers  of  different  postpartum  ages  on 
Phase  2. 

Control  group,  reared  by  their  own  mothers, 
complete  Phase  2 around  day  24. 

LLM  group  (moved  ahead),  reared  by 
mothers  of  later  postpartum  age,  complete 
Phase  2 around  day  20. 

ELM-1  group  (moved  back  once),  reared  by 
mothers  of  earlier  postpartum  age,  have 
not  completed  Phase  2 by  day  24. 

ELM-2  group  (moved  back  twice),  reared  by 
two  mothers,  of  earlier  then  again  earlier 
postpartum  ages,  are  further  behind  in 
Phase  2 development  than  ELM-1  group. 
Fostering  procedures  affect  development  of 
Phase  2.  The  changes  appear  to  be  displace- 
ments in  time,  not  in  rate,  as  all  curves  are 
approximately  parallel. 
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high  quality  or  quantity  to  support  the  tensive  cross  fostering  design  with 
demands  of  older  pups.  mismatching  of  pup  and  maternal 

The  last  experiment  in  the  series  post  partum  ages,  and  to  distinguish 
was  an  attempt  to  assess  the  effects  on  the  influence  of  age  of  milk  from  that 
general  pup  development  of  an  ex-  of  maternal  care. 

EXPERIMENT  4:  CONTROL  FOR  GENERAL  EFFECTS  OF  CROSS 

FOSTERING 


Methods 

Five  groups  of  litters  were  estab- 
lished with  the  object  of  arranging 
that  some  animals  were  nursed  by  an 
early  lactating  mother  (ELM)  (1-6 
i days  postpartum)  throughout  the 
study  and  others  were  nursed  by  a late 
lactating  mother  (LLM)  (21  to  25  days 
postpartum)  throughout. 

To  separate  milk  from  maternal 
I care  the  thelectomized  biological 
j mother  (with  nipples  destroyed  by 
cauterization)  alternated  with  a nor- 
mally lactating  foster  mother  on  a 
3-6-3-3-6-S  hour  schedule.  Matching 
control  groups  were  established  in 
which  the  thelectomized  foster 
mothers  alternated  with  lactating 
biological  mothers,  and  a final  control 
group  were  reared  by  their  biological 
mothers  throughout. 

Results 

The  effects  of  these  manipula- 
tions on  a number  of  measures  of 
! growth  and  maturation  are  shown  in 
Figures  5-7,8  and  9.  Regrettably  a 
problem  developed  in  the  laboratory 
late  in  this  experiment  and  it  was  not 
possible  to  complete  the  papilla  counts. 
However,  such  data  as  we  do  have  are 
consistent  with  the  results  of  the  pre- 
I vious  studies,  and  the  main  thrust  of 
the  experiment,  namely  the  effects  of 
the  design  on  general  maturation. 


survives.  In  all  cases,  the  experimental 
groups  show  developmental  disad- 
vantages compared  with  their  ap- 
propriate controls  and  weight  gain  is 
slower.  These  control  groups  do  not, 
however,  differ  from  the  normally 
reared  third  control  group  on  any  of 
the  measures.  Clearly  therefore  the 
cross  fostering  design,  12  hours  per 
day  food  deprivation  with  thelec- 
tomized mothers,  does  not  measura- 
bly disturb  maturation.  Maturation  is 
quite  severely  disturbed,  however,  if 
the  postpartum  age  of  the  lactating 
mother  fails  to  match  the  age  of  the 
pups. 

Discussion 

The  effects  on  papilla  development 
of  mismatching  the  postpartum  age  of 
the  mother  rat  and  her  pups  differ 
from  the  effects  on  other  measures  of 
somatic  and  neural  development. 
Whereas  the  pups  are  disadvantaged 
in  other  respects  by  mismatches  in 
either  direction.  Phase  2 of  the  de- 
velopment of  the  fungiform  papilla 
population  is  specifically  advanced 
when  pups  are  reared  by  mothers  in  a 
later  postpartum  stage. 

It  is  possible  that  the  general  retar- 
dation of  development  could  be  due 
to  an  inadequate  supply  of  milk  in 
both  groups.  High  circulating  prolac- 
tin levels  are  necessary  for  sustained 
milk  production  in  rats  and  prolac- 
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Figure  5-7.  General  .somatic  effects  of  cross  fostering  where  pup  age  is  grossly 
mismatched  to  mother’s  postpartum  age.  Experimental  animals,  whether  reared 
by  early  lactating  or  late  lactating  mothers,  lag  behind  controls  in  body  weight, 
organ  weight  and  skeletal  growth.  Skeletal  length  measures,  nose  to  tail  (N-T), 
nose  to  anus  (N-A),  and  anus  to  tail  (A-T),  all  correlate  highly  (0.95±  0.02)  with 
body  weights  within  each  group,  as  do  organ  weights. 

tin  production  in  postpartum  rats  is,  ble  that  young  rats  do  not  provide  a 
in  turn,  maintained  by  the  stimulus  of’  suckling  stimulus  to  older  mothers 
suckling  young. It  seems  possi-  which  is  sufficiently  intense  to  pro- 
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Figure  5-8.  Measures  of  neural  development. 

Eye  opening  in  ahirr  als  mismatched  to  the  mother’s  postpartum  age  occurs  24 
hours  later  than  in  normally  reared  controls. 

Auricular  startle  response  is  present  in  all  normally  reared  controls  by  day  14, 
but  not  in  all  experimental  animals  until  day  16. 


voke  secretion  of  prolactin  at  rates 
high  enough  to  sustain  adequate  milk 
production.  Moltz  and  Leon^®  have 
noticed  a failure  of  the  prolactin  de- 
pendent maternal  pheromone  when 
lactating  mother  rats  raise  pups  of 
different  postnatal  age.  However  this 
may  not  be  the  whole  story.  The  mat- 
urationally  retarded  pups  produced 
in  this  experiment  seem  to  differ 


from  runts  suffering  from  under- 
nutrition in  large  litters  for  example.  In 
the  retarded  pups  in  our  experiment 
there  is  a high  correlation  (0.97)  be- 
tween body  weight  and  measures  of 
skeletal  growth.  Unlike  litter  runts 
these  animals  appear  to  be  perfectly 
proportioned  but  simply  younger 
than  their  chronological  age. 


CONCLUSIONS 


We  have  seen  in  Experiment  1 that  weaning  and  sampling  of  solid  food, 
a second  period  of  growth  of  the  From  Experiment  2 we  see  that  this 
fungiform  papilla  population  occurs  second  phase  can  be  altered  by  chang- 
in  hooded  rats  at  the  normal  time  of  ing  the  time  of  weaning  but  not  in- 
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Figure  5-9.  Comparisons  of  mean  litter  weights  for  each  experimental  group 
with  its  matching  control  group.  Differences  between  experimental  and  control 
gtoups  in  both  the  late  lactating  mother  condition  and  in  the  early  lactating 
mother  condition  are  evident  by  day  6,  and  are  statistically  significant  by  day  9. 
There  are  no  significant  differences  between  LLM  experimental  and  ELM 
experimental  groups.  Nor  are  there  significant  differences  between  LLM  control 
and  ELM  control  groups.  Both  of  these  control  groups  show  weight  gains 
essentially  like  those  of  litters  reared  normally  by  their  own  mothers. 


83 


Development  of  Papilla  Populations 


definitely  forestalled.  Experiment  3 
demonstrates  that  the  controlling  fac- 
tor is  not  associated  with  the  hrst  ex- 
periences with  solid  food  but  with 
either  the  suckling-mothering  experi- 
ence or  with  maternal  milk.  Finally 
the  results  of  Experiment  4 allow  us  to 
conclude  that  the  changes  in  the  sec- 
ond phase  are  not  due  to  effects  of 
cross  fostering  on  maturation  in  gen- 
eral but  to  a specihc  inhibitory  effect 
on  papilla  development  of  a compo- 
nent either  of  the  suckling-mothering 
experience  or  of  the  milk.  We  are  un- 
able, at  present,  to  distinguish  be- 
tween these  two  possibilities  although 
the  latter  seems,  at  the  moment,  more 
likely.  We  are  preparing  to  do  a series 
of  artihcial  feeding  experiments 
which  we  hope  will  make  this  impor- 
tant distinction  clear. 

The  results  raise  interesting  ques- 
tions in  a number  of  areas.  Firstly  it  is 
interesting  to  have  found  an  en- 
vironmental influence  upon  the 
development  of  epithelial  tissue  and 
in  turn,  since  fungiform  papillae  are 
apparently  the  precursors  of  taste 
buds,  upon  the  development  of  the 


taste  system  itself.  We  have,  of  course, 
no  evidence  to  indicate  what  the  na- 
ture of  this  influence  may  be,  whether 
mechanical  or  chemical,  nor  do  we 
know  whether  the  fungiform  papillae 
which  form  during  the  second  phase 
differ  from  those  which  appear  ear- 
lier either  morphologically  or  func- 
tionally. All  of  these  questions  seem  to 
suggest  potentially  fruitful  areas  to 
pursue. 

Perhaps  equally  interesting  are  the 
questions  of  the  interaction  between 
morphological  development  and  be- 
haviour raised  by  our  results.  For 
example  how  does  the  appearance  of 
the  second  phase  of  population 
growth  affect  the  animal’s  ability  to 
form  taste  preferences  and  aversions? 
Does  the  second  phase  represent  the 
development  of  a set  of  receptors 
with  different  properties — properties 
which  perhaps  are  influenced  by  the 
animal’s  early  experiences  with  food? 
Or  again  how  might  the  properties  of 
a second  population  of  receptors  in- 
fluence the  development  of  feeding 
behaviour  in  the  animal? 
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Mistretta:  I am  concerned  about 
the  accuracy  of  your  method  for  iden- 
tifying and  counting  papillae  on  the 
developing  rat  tongue.  Are  you  cer- 
tain that  you  can  recognize  papillae 
when  they  first  appear?  Farbman  ^ 
and  Mistretta  ^ have  both  reported 
the  first  appearance  of  fungiform 
papillae  on  the  tongue  of  the  fetal  rat 
between  15-16  days  of  gestation. 
These  reports  were  based  on  trans- 
mission electron  microscopy  and 
scanning  electron  microscopy,  respec- 
tively. Torrey  ^ reported  the  first  ap- 
pearance of  the  circumvallate  papilla 
on  the  fetal  rat  tongue  at  15  days 
of  gestation.  Both  Farbman  and 
Mistretta  noted  that  the  distribution 
of  fungiform  papillae  on  the  fetal 
tongue  corresponds  to  that  on  the 
adult  tongue.  The  number  of  taste 
pores  (an  index  of  number  of  mature 
taste  buds),  however,  increases  gradu- 
ally over  the  first  12  days  after  birth. ^ 
Perhaps  your  method  is  not  sensitive 
enough  to  recognize  papillae  on  the 
fetal  tongue. 

Henderson:  The  primary  aim  of 
this  work  was  to  determine  if  papilla 
populations  in  young  animals  were 
different  to  those  in  adults.  We  are 
aware  of  reports  in  the  literature  that 


taste  buds  are  not  present  during  the 
first  week  of  postnatal  life,  but  the 
assumption  made  here  was  that  the 
number  of  designated  sites  might  be 
established,  not  that  they  were  oc- 
cupied. Determination  of  taste  bud 
populations  must,  of  course,  be  by  his- 
tological procedures,  and  we  are 
planning  a systematic  examination  of 
both  Phase  1 and  Phase  2 papillae  by 
such  methods. 

Mistretta:  And  you  have  never 
seen  them  on  a fetal  tongue? 

Henderson:  No,  only  the  first  five 
pairs  which  appear  during  labour. 
There  may  be  partially  formed  papil- 
lae not  yet  evident  by  surface  exami- 
nation. However,  magnification  of 
312  should  be  adequate  for  detecting 
structures  of  this  size,  and  the  regular- 
ity of  development  coupled  with  an 
extremely  small  variability  in  these 
counts  would  seem  to  bear  this  out. 
Further,  the  rats  used  in  these  studies 
are  the  hooded  form,  not  albino.  We 
have  begun  comparison  studies  with 
rats  of  an  albino  strain  and  the  de- 
velopmental pattern  from  day  1 to 
day  25  in  these  animals  is  extremely 
variable.  This  variability  may  well  be 
reflected  in  the  prenatal  period  as 
well. 


* Farbman,  A. I.  Electron  microscope  study  of  the  de- 
veloping taste  bud  in  rat  fungiform  papilla.  Dev.  Biol. 
11:110-135,  1965. 

^ Mistretta,  C.M.  Topographical  and  histological  study 
of  the  developing  rat  tongue,  palate  and  taste  buds.  In 
Bosma,  J.F.  (Ed.)  Third  Symposium  on  Oral  Sensation  and 
Perception,  Springfield,  Thomas,  1972,  pp.  163-187. 

® Torrey,  T.W.  The  influence  of  nerve  fibers  upon 
taste  buds  during  embryonic  development.  Proc.  NatT . 
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THE  NEONATAL  PIG:  A BIOLOGICAL 
MODEL  FOR  THE  DEVELOPMENT  OF 
TASTE  PREFERENCES 
AND  CONTROLS  OF 
INGESTIVE  BEHAVIOR 


Katherine  A.  Houpt  and  T.  R.  Houpt 


Nearly  all  of  the  work  presented  in 
this  volume  has  been  done  on  rats, 
other  rodents,  or  humans.  Although 
others  have  previously  made  similar 
pleas  for  the  use  of  various  species,  we 
will  again  raise  the  question  of  select- 


ing an  appropriate  biological  model. 
We  will  argue  that  the  pig  is  an  excep- 
tionally good  model  for  the  human  in 
the  study  of  functional  phenomena 
associated  with  the  alimentary  canal 
(see  also^’ 


SIMILARITIES  AND  DIFFERENCES 


The  most  obvious  similarity  of  pig 
and  man  is  body  size.  The  laboratory 
rat  is  two  orders  of  magnitude  differ- 
ent from  the  human  in  this  respect. 
The  ordinary  pig  as  it  matures  does 
exceed  the  weight  of  the  average  per- 
son, but  still  maximum  body  weight 
will  only  be  about  2 or  214  times  aver- 
age human  weight — and  there  are  a 
few  people  at  that  elevated  level.  So 
called  miniature  pigs,  although  not 
really  so  small,  are,  when  mature, 
even  more  comparable  to  man.  This 
question  of  scale  has  general 
metabolic  consequences.  One  is  that 
the  smaller  animal — such  as  the 
rat — generally  matures  in  a few 
weeks,  while  the  large  ones — for 
example,  man — may  not  do  so  for 
many  years.  Yet  the  pig  matures 


within  the  year,  combining  similar 
body  size  to  the  human  with  the  rapid 
growth  necessary  for  convenient 
completion  of  many  experimental 
procedures. 

The  diet  of  man  and  pig  is  also 
rather  similar,  nearly  identical  for 
garbage-fed  pigs.  If  one  surveys  the 
common  laboratory  and  domestic 
mammals,  the  pig  is  really  the  only 
naturally  omnivorous  mammal  among 
our  close  companions.  The  rat  has 
omnivorous  habits — presumably  in 
part  the  result  of  his  close  association 
with  us  and  our  food  stores — but  the 
alimentary  canal,  most  strikingly  the 
ridged  herbivore-type  molars,  is  not 
that  of  a typical  omnivore.^  The  dog 
likewise  has  become  an  omnivore  be- 
cause of  man’s  influence.  However, 


Acknuwkdgmmt:  K.A.  Houpt  holds  National  Institutes  of  Health  Special  Fellowship  l-F03-AM-55321-01, 
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the  sectorial  teeth  and  simple  car- 
nivorous gastrointestinal  tract  belie  its 
domestic  omnivorous  habits. 

A brief  look  at  the  dentition  of  the 
pig  may  be  of  interest  in  this  respect. 
Of  the  teeth  the  molars  are  most  simi- 
lar to  those  of  man,  being  of  the 
bunodont  form  with  separate  cusps 
adapted  for  a triturating  action  on  in- 
gested foodstuffs  rather  than  with 
cusps  fused  to  form  the  ridged  pat- 
tern of  typical  herbivores.  (Figure 
6-1)  There  are,  of  course,  differences 
from  the  human  arrangement.  (Fig- 
ure 6-2)  The  slanting  incisors  are  al- 
most horizontal  in  the  lower  jaw 
which  is  used  by  the  pig  as  a sort  of 
scoop  in  prehension  of  food.  The 
canines  of  the  boar  (as  in  Fig.  6-1)  are 
of  the  rootless  type  which  grow  con- 
tinuously and  have  a large  pulp  cavity. 
The  molars  are  in  nearly  parallel 
rows,  unlike  the  nearly  semicircular 
human  dental  arcade.  The  diaste- 


Figure  6-1.  Skull  of  mature  boar  with  bone 
removed  to  show  embedded  parts  of  the 
teeth.  I,  incisors;  C,  canines;  P,  premolars;  M, 
molars.  (From  Sisson,  S.,  and  Grossman,  J.  D. 
The  Anatomy  of  the  Domestic  Animals.  4th. 
Edition.  Philadelphia,  W.B.  Saunders  Co., 
1953.) 


Figure  6-2.  Lower  jaw  of  sow.  Note  exten- 
sively worn  premolars. 

mata  are  another  obvious  difference. 
The  dental  formula  is  of  the  primitive 
mammalian  form  I | C { P 4 M|. 

It  occurred  to  us  that  with  regard  to 
dentition  perhaps  the  pig  is  a better 
model  for  the  higher  non-human 
primates  rather  than  for  man.  In 
some  respects  the  dental  arrangement 
of  the  higher  non-human  primates 
differs  significantly  from  that  of  man. 
In  Figure  6-3  is  shown  the  lower  jaw 
of  a baboon  which  can  be  compared  to 
that  of  the  pig  in  Figure  6-2.  Note  the 
parallel  arrangement  of  cheek  teeth, 
the  slight  slant  of  the  incisors,  the 
extra  complexity  of  the  last  molar, 
and,  of  course,  the  large  canine  teeth. 
In  these  respects  pig  and  baboon  are 
similar  to  one  another,  but  both  are 
somewhat  different  from  man.  Hence 
the  suggestion  that  pigs  might  be 
good  substitutes  for  the  higher  non- 
human primates,  which  in  turn  are 
often  presumed  to  be  the  ideal  models 
for  man. 

As  to  the  occurrence  of  dental 
caries,  there  is  at  least  one  report  to 
the  effect  that  caries  could  not  be  in- 
duced in  pigs.^^  Our  pathologist  (Dr. 
John  King)  reports  that  although  he 
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Figure  6-3.  Lower  jaw  of  young  but  mature 
male  baboon. 

and  his  associates  routinely  examine 
the  teeth  of  all  pigs  on  which  post- 
morteum  examination  is  made,  he  can 
not  recall  ever  seeing  any  caries  even 
in  aged  pigs.* 

The  remainder  of  the  alimentary 
canal  of  the  pig  is  also  surprisingly 
similar  to  that  of  the  human  (Figure 
6-4).  The  stomach,  small  intestine 
and  large  intestine  are  similar  in  gen- 
eral form  to  those  of  the  human.  The 
most  notable  differences  are  the 
slightly  larger  cecum  and  the  longer 
large  intestine  of  the  pig.  The  com- 
plex spiral  arrangement  of  the  pig’s 
intestine  in  the  peritoneal  cavity  is  also 
quite  different. 

Finally,  we  see  similarity  between 
people  and  pigs  with  respect  to  their 
regulation  of  the  glucose  concentra- 
tion of  extracellular  fluid.  This  is  par- 
ticularly so  in  the  newborn.  The  most 
striking  example  of  this  similarity  is 
the  proneness  of  newborn  pigs  and 
infants  to  develop  a hypoglycemic 
syndrone.  Hypoglycemia  is  common 
among  fasted  neonate  pigs,^^  but 

*Tlic‘rc  is  a clinical  lepott  of  carious  lesions  in  a I ‘A 
year  old  hcjai  wliici)  liacloccn  fed  a 50%  sucrose  dicl  ad 
lihitum  (Andrew,  A.H.  yt'l.  Rec.  05:251,  1973.) 
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generally  is  seen  only  in  low  birth 
weight  infants  where  about  25%  of 
the  infants  have  abnormally  low 
plasma  glucose  concentration. The 
normal  neonate  pig  resembles  the  low 
birth  weight  human  infant  in  that  it 
lacks  fat  and  glycogen  stores. A fail- 
ure of  food  intake  under  these  cir- 
cumstances can  result  quickly  in  a 
serious  hypoglycemia.  We  are  cur- 
rently investigating  the  possible 
glucostatic  controls  of  food  intake  in 
the  neonate  pig  with  an  eye  to  the 
implications  for  the  human  infant  and 
the  role  of  sweet  taste  preference.  We 
will  report  on  this  work  in  the  second 
part  of  our  paper. 


Figure  6-4.  Intestinal  tract  of  the  pig.  A, 
pyloric  part  of  stomach;  B (1-6),  duodenum; 
C,  Jejunum;  D,  ileum;  E,  cecum;  F,  G,  H, 
colon;  J,  rectum;  a,  cranial  mesenteric  artery 
and  (b-k)  branches;  1,  caudal  mesenteric  ar- 
tery and  (m-n)  branches.  (From  Nickel,  R., 
Schummer,  A.,  Seiferle,  E.  and  Sack,  W.O. 
The  Vi.scera  of  the  Domestic  Animals.  Berlin, 
Verlag  Paul  Farey,  1973.) 
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The  use  of  pigs  in  the  laboratory 
does,  of  course,  present  some  practi- 
cal problems.  Pigs  are  not  the  docile 
automata  which  laboratory  rats  often 
seem  to  be.  For  example,  the  pig  will 
protest  vigorously  almost  any  proce- 
dure however  innocuous.  This  largely 
vocal  protest  may  call  for  some 
soundproofing  of  the  laboratory.  We 
have  worked  mostly  with  newborn  or 
young  pigs  and  housing  them  has 
been  simple.  Either  dog  or  rabbit 
cages  can  be  used  with  feeders  more 
suitable  for  the  pig’s  snout  attached  to 
the  inside  of  the  cage.  For  unweaned 
pigs  we  have  supplied  milk  by  bottle. 
Similac  (Abbott)  or  SPFlac  (Borden), 
an  artificial  sow’s  milk,  are  suitable. 
We  have  found  that  a simple  rack  of 
our  own  design  attached  to  the  cage 
side  quite  satisfactorily  holds  several 
infant  bottles  (Figure  6-5).  The  new- 
born pig  cannot  maintain  its  body 
temperature,  and  unless  kept  in  a 
warm  environment  its  body  tempera- 
ture will  fall  since  the  relatively  large 


Figure  6-5.  Piglet  suckling  from  bottles  held 
in  rack. 


surface  area  of  its  body  lacks  insula- 
tion of  either  fur  or  subcutaneous 
fat.^“  For  the  first  few  days  we  have 
used  either  chick  brooders  or  infrared 
heat  lamps  for  this  purpose.  Later, 
simply  keeping  the  room  temperature 
at  about  80°F  suffices. 

Gastrointestinal  disease  can  be  an 
important  problem  when  neonate 
pigs  are  kept  under  laboratory  condi- 
tions. Newborn  piglets  are  normally 
protected  from  enteric  disease  by 
immunoglobulins  present  in  the  sow’s 
milk.  It  has  been  reported  that  the 
immunoglobulins  present  in  colos- 
trum which  are  absorbed  by  the 
neonate  during  the  first  24  hours  of 
life  are  most  effective  against  systemic 
infection;  while  the  antibodies  present 
in  milk  during  the  following  days  are 
predominantly  effective  against  en- 
teric microorganisms,  absorption  of 
the  antibodies  being  neither  necessary 
nor  desirable.  The  piglet  is  not  able  to 
form  adequate  amounts  of  immuno- 
globulin of  its  own  until  about  14  days 
of  age.^^  We  have  had  occasional  cases 
of  diarrhea  develop  in  our  newborn 
piglets  housed  in  cages,  and  we  sus- 
pect that  it  is  due  to  enteric  colibacil- 
losis  which  develops  because  the  nor- 
mal source  of  enteric  immunoglobu- 
lins are  no  longer  being  supplied  to 
the  piglet  from  the  sow.  Under  these 
circumstances  enteric  bacteria  nor- 
mally present  in  the  digestive  tract 
may  have  pathologic  effects.  So  far  we 
have  been  reasonably  successful  in 
combating  this  problem  by  strict 
sterilization  of  feeding  equipment  and 
general  cleanliness.  Other  methods 
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which  likely  would  be  more  effec- 
tive are  also  rather  heroic:  milking 
sows  and  giving  the  piglets  the  sow’s 
milk  by  bottle.  Parenthetically,  one 
can  add  that  it  seems  that  the  neonate 
pig  is  also  a good  model  for  infantile 
diarrhea  (see  also  Ref.  14). 

A rather  irksome  difference  be- 
tween pigs  and  other  mammals  of 
comparable  size  is  the  scarcity  of  su- 
perhcial  blood  vessels  for  drawing 
blood  or  injecting  solutions.  We  hnd 
that  in  order  to  place  a plastic  catheter 
into  the  jugular  vein  a minor  surgical 
operation  is  required.  Under  general 
anesthesia  the  skin  is  incised  and  the 
rather  small  external  jugular  vein  is 
exposed  by  blunt  dissection  through 
several  millimeters  of  subcutaneous 
tissue.  We  lead  the  polyethylene 
catheter  subcutaneously  to  an  exit  on 
the  dorsal  aspect  of  the  neck.  The 
catheter  is  filled  with  a sterile 
heparin-saline  solution  and  sealed 
with  a ligature.  Daily  rinsing  with 
heparin-saline  is  generally  adequate 

TASTE  PREFERENCES 

Before  considering  development  of 
sweet  taste  preference  in  neonatal 
pigs,  we  must  first  ascertain  that  adult 
pigs  do  prefer  sweet  solutions.  Fortu- 
nately, pigs  have  been  well  stuided 
in  this  respect.  Rare,  Pond  and 
Campbell  were  the  hrst  to  show  that 
pigs  given  a choice  between  sucrose 
.solution  and  water  showed  a strong 
preference  for  sucrose  solutions  of 
1%(0.03  M)  and  higher  concentra- 
tions. They  also  measured  preference 
for  glucose,  lactose  and  saccharin, 
but  individual  variation  among  pigs 
tended  to  mask  any  differential  pref- 
erences. The  work  of  Rare,  Pond  and 
Campbell  was  carried  further  by 
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to  keep  the  catheter  clear.  However, 
we  have  had  some  difficulty  with 
blockage  of  the  catheter,  apparently 
by  a tissue  flap  growing  over  the  tip. 
When  this  happens,  withdrawal  of 
blood  becomes  tedious  or  impossible, 
but  solutions  can  still  be  injected.  The 
extremely  rapid  growth  of  piglets 
presents  an  unusual  problem:  the  pig 
may  outgrow  the  catheter  and  within 

. a few  weeks  the  tip  slips  out  of  the 
vein. 

Rare  has  stated  that  the  localiza- 
tion of  taste  buds  to  the  mouth  and 
pharynx  is  common  to  all  air  breath- 
ing vertebrates  and  that  the  taste  re- 
ceptors are  similar  in  many  domestic 
animals — rat,  dog,  pig  and  calf.  How- 
ever, it  is  clear  that  the  taste  sensory 
patterns  perceived  centrally  by  ani- 
mals of  the  various  species  and  even 
between  individuals  of  the  same 
species  differ.  Presumably  these  sen- 
sory patterns  are  interrelated  with, 
and  subserve,  the  dietary  habits  and 
digestive  physiology  of  each  species. 

IN  THE  NEONATE  PIG 

Rennedy  and  Baldwin. They  plot- 
ted preference  curves  for  glucose, 
sucrose,  sodium  cyclamate  and  sac- 
charin based  upon  both  12  hour  and  1 
hour  preference  tests.  Sodium  cycla- 
mate. was  not  preferred  at  any  molar- 
ity. Peak  preference  was  about  0.1  M 
for  the  two  sugars  and  for  saccharin. 
At  higher  concentrations  a dehnite 
aversion  for  saccharin  developed. 
Rennedy  and  Baldwin^^  also  showed 
that  pigs  can  learn  to  perform  an  op- 
erant response  in  order  to  obtain  su- 
crose solutions.  The  pigs’  motivation 
to  respond  on  progressively  high- 
er ratio  schedules  was  related  to 
the  concentration  of  the  sucrose 
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reinforcers.  The  more  mature  pig 
seems  strongly  to  prefer  sweet  solutions 
and  is  willing  to  work  for  them.  In 
these  respects,  as  in  many  others,  pigs 
are  like  people. 

We  wished  to  determine  whether 
the  neonatal  pig  like  the  human  in- 
fant ^ shows  a preference  for  sweet 
solutions.  Piglets  were  removed  from 
the  sow  at  48  hours  of  age  after  they 
had  had  ample  time  to  ingest  colos- 
trum. The  were  placed  in  the  specially 
modified  cages  and  maintained  on  a 
commercially  available  artificial  sow’s 
milk  (SPFlac,  Borden).  Before  each 
taste  test  the  pigs  were  fasted  for  3 
hours.  They  were  then  given  a two 
bottle  preference  test.  One  bottle  held 
distilled  water  and  the  other  the  sugar 
solution.  The  positions  of  the  bottles 
were  reversed  at  each  test  to  control 
for  position  preferences.  The  bottles 
were  weighed  at  the  beginning  and 
end  of  the  one  hour  test  period 
to  determine  the  amount  drunk  by 
the  pigs.  The  results  are  shown  in 
Figure  6-6.  No  preference  was  shown 
for  0.1  M glucose  in  comparison  to 
water,  but  marked  preference  was 
seen  for  0.3  M and  0.5  M glucose 
and  for  0.5  M sucrose.  Mean  intake 
of  water  was  less  than  20  g/hr  in 
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Figure  6-6.  Intake  of  water  and  various  sugar 
solutions  by  suckling  pigs  in  a two  bottle  pref- 
erence test.The  height  of  each  column  repre- 
sents the  mean±  SEM.  There  are  10  observa- 
tions for  each  condition. 
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Figure  6-7.  The  percentage  preference  for 
various  sugar  solutions  by  suckling  pigs. 
There  are  10  observations  for  each  condition. 


each  case.  Mean  intake  ± SEM  of 
0.1  M glucose  was  20.9±4.6  g/hr; 
that  of  0.3  M glucose,  52. 0±  12.9; 
that  of  0.5  M glucose,  68. 3±  15.1; 
and  that  of  0.5  M sucrose,  59. 9±  13.6. 
Figure  6-7  shows  the  percentage 
preferences  for  the  four  sugar  solu- 
tions tested  calculated  as:  (sugar  solu- 
tion consumed/total  fluid  consumed) 
X 100.  The  percentage  preference  for 
0.1  M glucose  was  only  59%,  but  that 
for  0.3  M glucose  was  7 1 % and  that  for 
0.5  M glucose  was  86%.  Preference  for 
0.5  M sucrose  was  73%. 

In  addition  to  measuring  intake,  we 
also  observed  the  animals  during  the 
taste  preference  tests  whenever  possi- 
ble. We  used  a stopwatch  to  record 
the  duration  of  sucking  bouts  and  tal- 
lied contacts  of  the  pigs  with  the  bot- 
tles. Figure  6-8  shows  the  contacts 
(sucks  or  licks)  that  were  made  with 
the  bottle  containing  the  sugar  solu- 
tion. The  pigs  made  9.7±2  contacts 
(mean  ± SEM  per  hour)  with  0.1  M 
glucose  versus  6.3±  1 contacts  with  wa- 
ter; 16.6±4  contacts  with  the  0.3  M 
glucose  bottle  versus  6.0±3  contacts 
with  water;  and  12.8±2  contacts  with 
the  0.5  M glucose  versus  4.2±  1 con- 
tacts with  water.  Finally,  they  made 
8.8±2  contacts  with  the  0.5  M sucrose 
bottle  versus  4.4±  1 contacts  with  wa- 
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Figure  6-8.  Bottle  contacts  per  hour  by  suck- 
ling pigs  during  two  bottle  preference  tests. 
Touching  the  nipple  with  the  snout  and/or 
sucking  on  the  nipple  constitutes  a contact. 
The  number  of  observations  per  condition 
equals  11  for  0.1  M glucose,  5 for  0.3  M 
glucose,  6 for  0.5  M glucose  and  9 for  0.5  M 
sucrose. 

ter.  Figure  6-9  shows  the  duration  of 
sucking  on  each  type  of  fluid  during 
the  one  hour  test  period.  This  is  the 
individual  record  for  one  pig.  Al- 
though this  pig  spent  less  than  one 
minute  sucking  on  the  water  bottle  in 
each  two  bottle  choice  situation,  it 
spent  35  minutes  sucking  on  the  bot- 
tle containing  0.5  M glucose. 

The  amount  consumed,  the  per- 
centage preference,  the  number  of 
mouth  contacts  with  the  bottle  nip- 
ples, and  the  duration  of  sucking  all 
indicate  that  that  neonatal  pig  has  al- 
ready developed  a marked  sweet 
preference.  It  is  interesting  to  note 
that  although  the  suckling  pig  has  a 
distinct  preference  for  glucose,  this 
preference  is  not  shown  until  the  con- 
centration is  0.3  M glucose  or  higher, 
whereas  the  more  mature  pigs  studied 
by  Kennedy  and  Baldwin  showed  a 
strong  preference  at  0.05  M glucose. 
Apparently,  the  neonatal  pig  is  not  as 
sensitive  to  glucose  as  is  the  adult  pig. 

Seeking  some  point  of  contact  with 
the  study  of  sweet  preference  in  chil- 
dren, we  offered  to  a piglet  a sweet 
solution  which  more  closely  resembles 
thf)se  in  the  environment  of  a child. 


Following  a three  hour  fast,  the  piglet, 
drinking  from  open  dishes,  was  given 
a two  choice  perference  test  between 
water  and  a commercially  available 
orange-flavored  soft  drink  which  is 
approximately  0.3  M sucrose.  In  two 
trials  it  consumed  an  average  of  1 12  g 
orange  drink  versus  30  g of  water.  It 
would  appear  that  pigs,  like  children, 
prefer  sweetened  beverages. 

The  piglet  may  display  some  nutri- 
tional wisdom.  In  a two  bottle,  one 
hour  preference  test  between  0.5  M 
glucose  and  artificial  sow’s  milk 
(SPFlac,  Borden),  piglets  that  have 
been  fasted  for  three  hours,  prefer- 
red the  milk.  They  drank  an  average 
of  110  g milk  and  54  g of  the  sugar 
solution. 

It  seems  clear  that  the  suckling  pig 
possesses  a marked  sweet  taste  pref- 
erence, but  is  the  preference  an  in- 
nate characteristic  present  from  birth 
or  is  it  learned  post-natally?  Foster  ^ 
attempted  to  answer  this  question.  He 
used  6 newly  born  pigs  which  had  not 
yet  nursed,  placed  each  pig  in  an  indi- 
vidual cage,  and  offered  each  a choice 

0.1  M 


0.3  M 
glucosel 


0.5  M 

glucose  ■■ 


0.5M, 

sucrose! 


□ Hp 

H Sugar  solution 


O lO  20  30  40 

TIME  SUCKLING  (min.) 

Figure  6-9.  The  time  spent  sucking  by  one 
piglet  during  each  of  4 two  bottle  preference 
tests.  When  given  a choice  between  water  and 
0.5  M sucrose,  the  piglet  sucked  only  on  the 
sucrose-containing  bottle. 
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between  water  and  1.3%  saccharin  for  ure  to  report  total  volume  of  fluid  in- 


24  hours.  He  found  that  72%  of  the 
total  fluid  consumed  by  the  piglets 
was  from  the  saccharin  container  and 
only  28%from  the  water.  Foster’s  fail- 

GLUCOPRIVATION 

Our  interest  in  the  development  of 
the  controls  of  food  intake  in  the 
neonatal  pig  spans  not  only  taste  pref- 
erences but  also  the  elicitation  of 
eating  in  response  to  reduced  levels 
of  metabolizable  energy.  Mature  ani- 
mals of  many  species  increase  their 
food  intake  in  response  to  a lack 
of  metabolizable  glucose. One 
method  of  producing  a deficit  of  glu- 
cose to  the  brain,  i.e.,  glucoprivation, 
is  by  administration  of  exogenous  in- 
sulin. This  is  the  method  we  chose  to 
use  in  pigs. 

Eating  in  response  to  glucopriva- 
tion has  not  been  previously  demon- 
strated in  pigs,  although  Pekas  et  al.^^ 
reported  negative  results  when  insu- 
lin and  tolbutamide  were  used  in  an 
attempt  to  stimulate  eating.  We  first 
had  to  find  a dose  of  insulin  sufficient 
to  produce  a profound  hypoglycemia, 
but  not  so  high  as  to  incapacitate  the 
animal.  We  used  pigs  with  indwelling 
jugular  catheters  as  described  above. 
The  plasma  glucose  response  to  0.5 
and  1.0  units/kg  body  weight  of  regu- 
lar insulin  was  determined  on  blood 
samples  taken  just  before  insulin  in- 
jection and  hourly  for  6 hours  after 
injection.  Figure  6-10  shows  the  re- 
sults. Both  1.0  and  0.5  units/kg  insulin 
caused  plasma  glucose  to  fall  from 
100  mg/ 100  ml  plasma  to  less  than 
40  mg/ 100  ml,  and  plasma  glucose  re- 
mained low  for  at  least  3 hours  follow- 
ing the  injection.  1 unit/kg  insulin  is 
apparently  more  than  adequate  to 


take  or  environmental  temperature, 
which  should  be  high  for  normal  be- 
havior to  occur,  severly  limits  the  use- 
fulness of  his  data. 

AND  FOOD  INTAKE 

produce  glucoprivation.  We  found 
that  2.0  units/kg  was  too  high  a dose 
because  it  produced  convulsions  and 
in  one  case  death.  It  is  interesting  to 
compare  the  sensitivity  of  the  pig  to 
insulin  to  that  of  the  rat.  The  rat  can 
tolerate  a dose  of  8 units/rat  as  long  as 
food  is  available.  Such  a dose  (greater 
than  16  units/kg)  would  surely  kill  a 
pig.  Pigs  more  closely  resemble  dogs 
and  people  in  their  sensitivity  to 
insulin. 

In  the  experiments  on  the  feeding 
responses  to  insulin,  5 female  York- 
shire pigs,  4-8  weeks  of  age,  were 
tested.  They  were  housed  individually 
in  dog  metabolism  cages  and  fed  a 
commercial  pelleted  pig  food  ad 
libitum.  All  spillage  was  collected  and 
measured.  The  pigs  were  injected 
daily  intraperitoneally  with  either  in- 
sulin or  an  equivalent  volume  of  0.9% 
NaCl  as  a control.  Food  intake  was 
measured  every  2 hours  for  6 hours 
following  the  injection.  Twenty-four 


Figure  6-10.  The  effect  of  insulin  on  plasma 
glucose  of  a weanling  pig. 
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hour  intake  was  also  measured. 
Figure  6-11  gives  the  results.  Base- 
line intake  was  143±12  g/6  hr. 

(mearrtSEM).  Intake  was  increased  by 
0.75  units/kg  regular  insulin,  but  the 
increase  was  not  statistically  signifi- 
cant. 1 unit/kg  insulin  significantly  in- 
creased intake  to  205±21g/6hr  0=2.6; 
p<0.02).  Insulin  apparently  stimu- 
lates an  increase  in  short-term  food 
intake  in  weanling  pigs.  Figure  6-12 
shows  the  daily  6 hr  intake  of  a 6 week 
old  male  pig  kept  in  a different  labo- 
ratory. Baseline  (saline  injection)  in- 
take tended  to  increase  as  the  animal 
rapidly  grew  from  16  to  25  kg  body 
weight  in  2 weeks.  Nevertheless, 
whenever  exogenous  insulin  was  ad- 
ministered, intake  increased.  Mean 
intake  (±SEM)  following  1.0  unit/kg 
insulin  was  436±45  g and  that  follow- 
ing 0.9%  NaCl  was  274±31  g (1=2.8; 
p<0.025).  Insulin  did  not  affect  24 
hour  intake  in  any  of  the  pigs  tested, 
and  there  appear  to  be  no  sex  differ- 
ences in  the  response  to  insulin.  Rela- 
tively mature  pigs  as  so  many  other 
mammals  studied  display  glucoprivic 
eating. 


Figure  6-1  1.  The  effect  of  insulin  on  short 
term  food  intake  of  weanling  pigs.  N is  the 
number  of  Observations.  0.7,5,  1.0  unit.s/kg  of 
regular  insulin,  or  equivalent  volume  of  0.9% 
NaCl  were  injected  intraperitoneally. 


Insulin 


Figure  6-12.  The  individual  record  of  pig  L 
showing  6 hour  intake  following  0.9%  NaCl 
injection  (open  columns)  or  1.0  unit/kg  regu- 
lar insulin  (solid  columns). 

We  were  particularly  interested  in 
testing  pigs  within  the  first  two  or 
three  days  of  life  because  this  is  the 
time  when  they  are  most  susceptible 
to  neonatal  hypoglycemia  from  a vari- 
ety of  pathological  causes.  We  wished 
to  produce  the  hypoglycemic  syn- 
drome with  exogenous  insulin  and  to 
measure  the  ingestive  response.  Be- 
cause we  used  piglets  which  were 
nursing  sows,  intake  could  not  be  | 
measured  directly.  Instead  we  used 
short-term,  six  hour,  weight  gain  as  a j 
measure  of  food  intake.  Each  pig  was  j 
weighed  individually  on  a triple  beam 
balance,  injected  with  1.0  units/kg  j 

or  2.0  unit/kg  regular  insulin  or  ! 
with  an  equivalent  volume  of  0.9%  > 

NaCl,  and  returned  to  the  sow.  At  the 
end  of  6 hours  the  piglets  were  re-  I 
weighed.  Twenty-four  hour  weight 
gain  was  also  measured,  but  no 
significant  differences  were  found 
between  the  groups.  Figure  6-13 
illustrates  the  effect  of  insulin  on 
weight  gain  (i.e.,  milk  intake)  of  neo- 
natal pigs.  Saline  injected  pigs  gained 
24  ±5  g/6  hr,  while  littermates  inject- 
ed with  1.0  unit/kg  insulin  gained 
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I Figure  6-13.  The  effect  of  insulin  on  weight 

II  gain  of  suckling  pigs.  N is  the  number  of  pigs. 

I The  pigs  were  injected  i.  p.  with  1.0  or  2.0 
units/kg  regular  insular  (cross  hatched  col- 
umns) or  with  an  equivalent  volume  of  0.9% 
NaCl  (open  column). 

( 34±6  g/6  hr.  This  difference  is  not 
statistically  significant,  indicating  that 
insulin  does  not  stimulate  intake 
in  the  neonatal  pig  although  it  does 
in  the  more  mature  pig.  Two  units/ 
kg  insulin  caused  a weight  loss  of 
5 ±4  g/6  hr.  Apparently  2.0  unit/kg 
is  too  high  a dose  for  the  newborn 
pig  as  it  is  for  the  weanling-age  pig. 

The  newborn  pig  is  not  the  only 
neonate  that  fails  to  eat  in  response 
to  glucoprivation.  Newborn  rats  also 
fail  to  increase  weight  gain  or 
intake  in  response  to  insulin  until  they 
! are  4 weeks  of  age.^®  Similarly, 

I neonatal  rats  do  not  increase  their 
intake  in  response  to  glucoprivation 
induced  by  the  glucose  analogue 
2-deoxy-D-glucose.® 

Pigs  have  a complicated  feeding 
behavior  pattern  that  may  interfer 
with  any  experimental  attempts  to 
stimulate  an  increase  in  intake.  The 
sow  indicates  her  readiness  to  nurse 
by  lying  down  and  grunting  in  a slow 


rhythmic  manner.  The  piglets,  which 
are  usually  asleep,  arouse  and  begin 
to  squeal.  They  continue  to  squeal  as 
they  find  their  way  to  the  sow  and 
begin  to  suckle.  The  noises  of  one  lit- 
ter nursing  arouses  the  sucklings  in 
nearby  pens  and  they  too  begin  to 
suckle.  This  phenomenon  might  be 
considered  to  be  social  facilitation  of 
eating.  As  a result,  if  one  litter  in  the 
barn  is  nursing,  all  the  other  litters  are 
also  nursing.  It  may  be  difficult  to 
stimulate  intake  in  the  suckling  pig 
without  the  sow’s  cooperation. 

In  order  to  determine  whether  milk 
intake  could  be  stimulated  under 
these  circumstances,  we  decided  to 
use  one  of  the  simplest  methods  to 
stimulate  intake:  food  deprivation. 
Half  of  each  litter  of  pigs  was  weighed 
and  placed  in  a separate  pen  without 
the  sow.  At  the  end  of  three  hours 
they  were  reweighed  to  determine 
their  weight  loss  during  the  fast.  The 
other  half  of  the  litter  remained  with 
the  sow,  but  they  were  also  weighed  at 
the  beginning  and  end  of  the  3 hour 
period  in  order  to  determine  their 
weight  gain.  At  the  end  of  the  fast 
period  all  pigs  were  returned  to  the 
sow  and  allowed  to  suckle.  At  the  end 
of  a three  hour  refeeding  period  they 
were  again  weighed.  Figure  6-14 
shows  the  results.  Pigs  fasted  for  3 
hours  subsequently  gained  68±6  g in 
the  3 hour  refeeding  period,  while 
their  littermates  who  had  not  been 
fasted  gained  22±6  g during  the  re- 
feeding period  (^=5.35;  /?<0.001). 
Apparently  an  increase  in  food  intake 
can  be  stimulated  by  food  deprivation 
in  neonatal  pigs. 

In  the  3 hour  refeeding  period  the 
pigs  which  had  been  previously  fasted 
gained  three  times  as  much  as  their 
nonfasted  littermates.  Despite  their 
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Figure  6-14.  The  effect  of  a 3 hour  fast  on 
subsequent  weight  gain  of  suckling  pigs.  N is 
the  number  of  pigs.  The  fasted  pigs  were 
separated  from  the  sow  for  three  hours  while 
their  nonfasted  littermates  remained.  Illus- 
trated is  the  weight  gain  of  the  previously 
fasted  piglets  (cross  hatched  column)  and  in 
non-fasted  piglets  (open  column)  in  the  3 
hour  refeeding  period. 

large  gain  during  the  3 hour  refeed- 
ing period,  the  fasted  pigs  did  not 
completely  compensate  for  their 
weight  loss  during  the  fast.  As  Figure 
6-15  illustrates,  the  algebraical  sum  of 
the  fasted  pigs’  weight  loss  during  the 
3 hour  fast  and  their  weight  gain 
during  the  3 hour  refeeding  period 
falls  short  of  the  weight  gain  for  non- 
fasted groups  during  6 hours  of  un- 
disturbed feeding.  The  fasted  pigs 
showed  a new  gain  of  only  36±  7 g/6  hr, 
while  the  nonfasted  pigs  showed  a gain 
of  52±7  g/6  hr.  Failure  of  fasted  piglets 
to  compensate  is  likely  due  either  to 
the  .sow’s  limited  supply  of  milk  or  to 
the  piglet’s  limited  gastric  capacity. 

To  determine  which  factor  was  re- 


sponsible for  the  failure  of  piglets  to 
rapidly  compensate  for  a short  period 
of  deprivation,  we  repeated  the  ex- 
periments on  bottle-fed  piglets.  The 
piglets  were  removed  from  the  sow  at 
two  days  of  age  and  fed  a human  in- 
fant formula  (Similar,  Abbott).  The 
piglets  were  fasted  by  simply  remov- 
ing the  bottles  from  the  rack  on  the 
cages.  Following  a three  hour  fast  the 
bottles  of  milk  formula  were  returned 
to  the  rack  for  a three  hour  refeeding 
period.  The  pigs  drank  364±50  g/3  hr 
in  this  refeeding  period.  Intake  of 
nonfasted  piglets  was  198±47  g/3  hr 
in  the  same  refeeding  period.  These 
results  are  similar  to  those  obtained 
using  weight  gain  as  a measure  of  in- 
take, that  is,  the  previously  fasted  pigs 
ate  more.  When  net  intake  is  calcu- 
lated for  the  fasted  and  nonfasted 
groups  during  the  whole  6 hour  peri- 
od; the  results  are  also  similar  to  those 
seen  when  weight  gain  is  measured. 


Figure  6-15.  Net  weight  gain  of  suckling  pigs 
in  the  combined  fast  and  refeeding  periods. 
N is  the  number  of  pigs.  The  fasted  pigs 
(cross  hatched  column)  lost  weight  during  the 
fast  period  and  gained  weight  during  the  re- 
feeding period  while  the  nonfasted  pigs 
gained  weight  during  both  periods  (open 
column). 
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that  is,  the  net  intake  is  smaller  in  the 
fasted  piglets,  they  have  not  compen- 
sated for  the  fast.  The  net  intake  of 
the  fasted  piglets  was  364±50  g/6  hr, 
while  the  net  intake  of  the  nonfasted 
piglets  was  531±85  g/6  hr.  Since 
the  bottle  raised  piglets  had  access 
to  an  unlimited  supply  of  milk,  it 
is  apparent  that  some  factor  in  the 
piglets,  perhaps  gastric  capacity  or 
some  other  satiety  signal,  limits  intake 
and  prevents  compensation  within  the 


3 hour  refeeding  period. 

The  experiments  using  insulin  to 
stimulate  intake  in  neonates  was  also 
repeated  in  bottle-fed  piglets.  Follow- 
ing injection  of  1.0  unit/kg  regular  in- 
sulin the  pigs  drank  381  g/6  hr,  and 
following  saline  injection  they  drank 
521  g/6  hr.  It  would  appear  that,  al- 
though intake  can  be  stimulated  by 
prior  deprivation  in  the  newborn  pig, 
it  can  not  be  stimulated  by  insulin- 
induced  glucoprivation. 


SUMMARY 


A comparison  of  human  and  swine 
sweet  preferences  reveals  marked 
similarities  (see  Table  6-1).  The  new- 
born infant  ^ and  the  newborn  pig 
show  a marked  preference  for  sweet 
fluids  as  do  the  adults  of  the  two 
species.  Eating  in  response  to  gluco- 
privation occurs  in  the  adult  pig  and 
human. Under  our  experimental 
conditions  eating  in  response  to 
glucoprivation  does  not  occur  in  the 
neonatal  pig.  Similar  studies  have  not 
been  performed  on  human  neonates, 
nor  is  it  desirable  to  perform  experi- 
ments which  entail  some  risk  on 


TABLE  6-1 

SWEET  TASTE  PREFERENCE  AND 
GLUCOPRIVIC  EATING  IN  PIG 
AND  HUMAN 


Sweet  Taste 
Preference 

Eating  in  Response 
to  Glucoprivation 

Pig 

Neonate 

present 

absent 

Mature 

present 

present 

Human 

Neonate 

present 

unknown 

Mature 

present 

present 

babies.  The  neonatal  pig  can  serve  in- 
stead as  an  excellant  model  for  the 
development  of  ingestive  behavior  in 
the  human  infant. 
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Chapter  7 


COMPARATIVE  OBSERVATIONS  ON  THE 
ONTOGENY  OF  TASTE  PREFERENCE 


Harry  L.  Jacobs,  Edwin  R.  Smutz  and  Cynthia  N.  DuBose 


Our  interest  in  the  ontogeny  of 
taste  preference  started  from  an  at- 
tempt to  evaluate  the  oft-claimed 
generality  of  the  “sweet-tooth”  across 
species  (see  Pfaffmann  in  this  vol- 
ume). In  order  to  minimize  post  in- 
gestion effects  and  to  isolate  sensory 


factors  in  preference,  we  chose  to  use 
a brief  exposure  technique,  applying 
drops  of  test  solution  to  the  tongue 
and  observing  oral  and  facial  re- 
sponses normally  associated  with  con- 
summatory  behavior. 


ONTOGENY  OF  TASTE  PREFERENCE  IN  A HUMAN  NEONATE 


The  initial  observations  were  car- 
ried out  in  1960  on  a human  neonate, 
in  a hospital  nursery  from  birth  to  six 
days  of  age,  and  at  home  at  ten  and 
thirty  days  of  age.*  Table  7-1  shows 
the  responses  associated  with  accept- 
ance and  rejection  in  this  study.  On 
most  trials  more  than  one  specific 
behavior  could  be  observed.  Quite 
often,  the  initial  behavior  was  a con- 
tinuation of  the  response  pattern  to 
previous  solutions.  Thus,  it  was  neces- 
sary to  observe  the  subject  for  up  to 


*Thjs  study  was  carried  out  at  Strong  Memorial  Hospi- 
tal, Rochester,  N.Y.,  where  the  subject,  Emily  Jacobs,  was 
born  on  February  11,  1960.  Birth  was  full  term,  with 
routine  delivery.  Weight  was  3000  g.,  length  was  49  cm. 
Hospital  formula,  5%  sucrose  solution  containing  1/3 
evaporated  milk  and  2/3  water,  was  administered  at  4 
hour  intervals.  At  home,  she  was  bottle-fed  on  a self- 
demand schedule  over  the  month  that  she  was  observed. 
Number  of  feedings  varied  from  4—7  per  day.  Single 
daily  feedings  of  cereal  in  addition  to  formula  began  at 
three  weeks  of  age.  Seventeen  test  sessions  were  run 
between  0 and  6 days  of  age  in  the  hospital  nursery.  Two 
additional  sessions  were  run,  on  days  10  and  30  at  home. 
Ten  of  the  seventeen  test  sessions  were  run  blind  with 
coded  solutions  available  to  the  experimenter.  These  in- 
cluded tests  6-15,  starting  at  two  days  of  age  in  the 
nursery. 


30  seconds  while  repeatedly  applying 
drops  of  solution  to  the  tongue,  in 
order  to  define  a consistent  response 
pattern  in  a single  trial,  t 

Some  examples  from  the  original 
data  sheets  will  illustrate  this  point. 
(A)  Quinine  (first  trial  of  test,  45  min- 
utes post-prandial) — “almost  asleep, 
frown,  grimace,  purse,  turns  head 
away.”  (B)  Quinine  (after  sucrose) — 
“starts  to  accept,  grimace,  purse,  close 
mouth,  spit  out.”  (C)  Water  (after 
sucrose) — “suck,  holds  still,  open 
mouth,  lets  leak  out.”  (D)  Saccharin 
(after  water) — “lick,  suck,  moves 
mouth  to  follow  catheter  as  it  is  with- 
drawn.” 

Table  7-II  presents  the  relative 


tEach  test  consisted  of  10-30  tongue  applications  of 
from  4-8  stimulus  solutions  administered  with  a PE-90 
catheter  mounted  on  a 5 cc  syringe.  Solutions  were  ad- 
ministered in  a predetermined  random  order.  The 
catheter  was  laid  on  the  tongue  and  single  drops  of 
solution  were  applied  until  a consistent  response  was 
observed.  Each  trial  lasted  from  10-30  seconds,  during 
which  1-1.5  cc  were  administered.  At  least  30  seconds 
elapsed  between  applications. 
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TABLE  7-1 


BEHAVIOR  CATEGORIES  DEVELOPED  IN  A STUDY 
OE  TASTE  PREFERENCES  IN  A HUMAN  NEONATE  ^ 


Gmeral  Response 

Specific  Behavior 

Preference 

Active 

Turn  to  Stimulus 
Swallow 
Suck 
Lick 
Pucker 

Acceptance 

Passive 

Open  Mouth 
Leak  Out 
Drip 

Neutral 

Whimper 

Frown 

Active 

Grimace 

Purse 

Spit 

Cry 

Retrusion 

Turn  from  Stimulus 

Rejection 

Note:  Subject,  female  neonate; 

17  test  sessions  0-6  days  of  age,  one  test  session 

each  at  10  and  30  days  of  age. 

TABLE  7-H 

RELATIVE  ACCEPTABILITY  OF  TEST  SOLUTIONS  IN  A 
STUDY  OF  TASTE  PREFERENCES  IN  A HUMAN  NEONATE 

Rankings  of  Test  Solutions 

0-6  Days  Old 
(Hospital) 

1 0 Days  Old 
(Home) 

30  Days  Old 
(Home) 

.1%  Saccharin/ 10%  Sucrose 
20%  Lactose 

Cow’s  Milk/13.5%  Glucose 
Water/7%  Lactose 
.85%  NaCl 
Human  Breast  Milk 
.0004  M QSO4 

.1%  Saccharin 

Cow’s  Milk 
Water 

.0004M  QSO4 

.1%  Saccharin 

Cow’s  Milk 
Water 

.0004M  QSO4 

Note:  Subject,  female  neonate;  17  test  sessions  0-6 
days  of  age,  one  test  session  each  at  10  and  30  days  of 
age. 

Rankings  are  based  upon  the  frequency  of  occurrence 
of  specific  behaviors  that  fitted  preference  categories  as 
shown  in  Table  7-1.  The  paireci  items  could  not  be  dif- 
ferentiated by  this  technique. 


Saccharin,  sucrose,  water,  and  quinine  sulfate,  >50 
applications  each;  lactose  (20%  and  7%),  cow’s  milk,  and 
sodium  chloride,  >20  applications  each.  Glucose  and 
human  breast  milk,  4 applications  on  last  day  in  hospital. 
Human  breast  milk  obtained  from  voluntary  donor 
5 hours  before  testing;  heat  sterilized  in  boiling  water. 


rankings  of  the  test  solutions  used  in 
this  study.  The  specific  responses 
were  recorded  and  later  converted 
into  hve  qualitative  categories,  using 
plus  (+)  and  minus  (— ) notations.  The 
categories  were  active  acceptance 
( + +),  passive  acceptance  (+),  neutral 
( + — ),  passive  rejection  (— ),  and  active 
rejection  ( ).  These  were  later  ar- 

ranged in  a Trial  X Solution  matrix. 


The  solutions  were  then  ranked  by 
tabulating  the  frequency  of  occur- 
rence of  the  above  categories  across 
trials  and  test  sessions. 

The  results  were  quite  clear  in  show- 
ing neonatal  sweet  acceptance  (.1% 
[.00546  M]  saccharin,  10%  [.292  M] 
sucrose)  and  bitter  rejection  (.0004  M 
QSO4),  with  water  consistently  neu- 
tral. These  responses  appeared  during 
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the  first  day  of  life.  Over  the  first 
six  test  sessions  at  1,  10,  12,  21,  32, 
and  37  hours  after  birth,  the  rank- 
ings were  consistent,  with  saccharin 
(15  presentations)  = sucrose  (12  pres- 
entations) > water  (12  presenta- 
tions) > quinine  (13  presentations). 

Comparison  with  adult  human  taste 
data  from  the  work  of  Cameron  ^ and 
Moskowitz  shows  that  the  results 
from  our  tests  using  sweet  solutions 
are  consistent  with  the  hypothesis  of  a 
monotonic  relationship  between 
sweetness  intensity  and  acceptability 
within  the  concentration  range  we 
tested.  An  exception  is  20%  (.584  M) 
lactose,  which  is  about  equal  in  sweet- 
ness to  10%  sucrose,  yet  less  accepta- 
ble in  our  tests. 

It  is  interesting  to  note  that,  al- 


though cow’s  milk  showed  mild 
acceptance  distinguishable  from  wa- 
ter, the  four  samples  of  human  breast 
milk  showed  consistent  rejection.  The 
preference  for  cow’s  milk  is  consistent 
with  its  high  acceptability  in  young 
adults,  as  shown  by  Meiselman^  et.  al. 
in  1974.^^  The  rejection  of  human 
breast  milk  was  not  anticipated.* 
However,  our  method  of  tongue  ap- 
plication limited  sensory  input  to  sim- 
ple taste  stimuli,  while  normal  breast 
feeding  combines  flavor  with  warmth, 
movement,  and  tactual  stimulation 
during  nurturance. 

At  this  point,  we  modified  our 
measurement  techniques  to  make 
them  applicable  to  the  rat  t and  be- 
gan a series  of  observations  on  rat 
neonates. 


ONTOGENY  OF  TASTE  PREFERENCES  IN  NEONATE  RATS 


Figure  7-1  summarizes  the  results 
of  our  initial  studies  on  neonate 
rats.^’®’’^  These  studies  traced  the  de- 
velopment of  taste  preferences  from 
birth  through  weaning.  As  in  the 
human  neonate,  sweet  substances 
were  highly  accepted,  water  was  neu- 
tral and  not  distinguishable  from 
mildly  sweet  sugars  (2.8%  [.082  M] 
lactose,  4.0%  [.117  M]  lactose),  and 
quinine  was  strongly  rejected.  Since 
2.8%  lactose,  equal  in  concentration 
to  that  found  in  rat’s  milk,  was  not 
distinguishable  from  water,  neonatal 
saccharin  preference  could  not  be  ex- 
plained by  a simple  conditioning 


*Since  our  data  on  sugar  solutions  indicate  that  a_ 
sweeter  solution  is  preferred  to  a less  sweet  solution,  on 
the  basis  of  sweetness  alone,  we  would  have  expected  that 
human  breast  milk  (7.0%  lactose)  would  be  more  accept- 
able than  cow’s  milk  (4.8%  lactose).  However,  it  should  be 
pointed  out  that  milk  is  a complex  mixture  composed  of 
many  components,  including  sugar,  which  produce  its 
flavor. 


paradigm,  in  which  the  sweet  taste  of 
rat’s  milk  is  associated  with  hunger 
reduction  each  time  the  neonate  is 
fed.  We  concluded  that  the  neonate 
demonstrates  a very  strong  innate 
preference,  based  upon  taste  alone. 

The  rest  of  this  paper  will  address 
further  methodological  and  substan- 
tive issues  arising  from  consideration 
of  the  data  presented  in  Figure  7-1. 


tThe  techniques  used  in  rats  have  been  described 
elsewhere. The  major  differences  between  working 
with  the  rat  and  the  human  neonate  were:  (A)  We  held 
the  rat  in  one  hand  within  six  inches  of  a 60  W bulb  for 
warmth  during  testing,  while  the  human  neonate  was 
allowed  to  lie  on  her  back  in  her  nursery  crib,  her  body 
under  the  crib  blanket  and  sheet,  and  her  head  free.  (B) 
We  scaled  down  the  solution  application  technique  to  the 
rat  neonate  by  using  one  inch  of  PE- 10  tubing  mounted 
on  a 2 cc  syringe.  (C)  We  developed  a 4-point  scale 
ranging  from  maximum  negative  response  (1.0)  to 
maximum  positive  response  (4.0)  which  was  quite  similar 
to  the  human  behavior  categories  shown  in  Table  7-1 
without  reference  to  facial  expressions  or  emotional 
status;  that  is,  “whimper,”  “frown,”  “grimace,”  “spit,”  and 
“cry”  were  omitted. 
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Figure  7-1.  Ontogeny  of  sweet  preference  and  bitter  avoidance  in  preweanling 
rats.  Parentheses  enclose  number  of  subjects  tested.  Four  percent  lactose  condi- 
tion added  to  data  originally  presented  by  Jacobs  and  Sharma  in  1969.^ 


Neonatal  test  experience  and 
acceptability 

What  of  the  gradual  development 
of  sweet  preference  and  quinine  re- 
jection over  the  21  days  of  testing 
shown  in  Figure  7-1?  To  what  extent 
are  the  shapes  of  the  curves  due  to 
repeated  experience  with  the  testing 
procedure?  This  was  evaluated  by 
presenting  quinine  to  naive  rats  at  15 
days  of  age,  and  water  and  saccharin 
at  19  days  of  age.  Maximum  saccharin 
preference  and  quinine  rejection 
were  not  dependent  upon  practice  in 
taste  tests  during  the  first  days  of  life 
(see  Figure  7-2).  Thus,  the  curves  in 
Figures  7-1  and  2 are  “maturation” 
curves.  What  is  it  that  is  maturing?  We 
have  suggested  that  the  delays  in 
showing  maximum  responses  are  due 
to  the  need  for  maturation  of  the 
motor  skills  required  to  show  accept- 
ance or  rejection  in  our  acceptability 
tests. ^ Mistretta,^^  in  this  volume  and 


elsewhere, suggests  a more  interest- 
ing possibility,  that  these  delays  are 
correlated  with  differential  matura- 
tion of  the  taste  buds  necessary  to 
discriminate  these  stimuli.  Thus,  the 
relatively  early  occurrence  of  sweet 
acceptance  may  be  correlated  with  the 
early  development  of  taste  buds  on 
the  anterior  surface  of  the  tongue, 
and  the  relatively  late  occurrence  of 
bitter  rejection  may  be  correlated  with 
the  late  development  of  taste  buds  on 
the  posterior  tongue  surface. 

Extent  of  individual  and  temporal 
differences 

The  rather  smooth  ontogeny  curves 
shown  in  Figure  7-1  are  based  upon 
data  collected  2-4  times  daily  on 
groups  of  rats  and  are  plotted  on  the 
basis  of  three-day  averages.  To  what 
extent  is  the  course  of  development 
misrepresented  by  averaging  data 
across  days  and  subjects?  It  can  be 
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Figure  7-2.  Preweanling  acceptability  values  with  and  without  neonatal  test 
experience.  The  shaded  curves  show  the  gradual  development  of  saccharin 
preference  and  quinine  avoidance  with  daily  tests  from  birth  to  weaning  at  21 
days  of  age.  The  shaded  areas  span  the  mean  ±SE  and  are  plotted  by  three  day 
average  scores.  Parentheses  enclose  the  number  of  subjects  tested.  The  singleline 
curves  plotted  daily  show  mean  ±SE  from  a litter  of  six  rats  first  tested  with 
quinine  sulfate  at  day  15,  and  with  water  and  saccharin  at  day  19.  This  group 
shows  equal  acceptability  levels  without  the  opportunity  to  repeatedly  taste  these 
stimuli  from  birth. 


seen  that  the  variability  around  the 
daily  means  in  Figure  7-2  is  greater 
than  that  around  the  three- day  means 
in  that  Figure.  A similar  difference  is 
also  seen  in  Figure  7-3A  where 
three-day  averaging  of  one  litter’s 
data  produces  a smoother  less  vari- 
able ontogeny  curve  than  daily 
averaging.  Figure  7-3B  illustrates  the 
individual  variability  seen  among 


littermates  when  their  data  are  plotted 
in  three-day  sets.  These  differences 
appear  even  greater  in  daily  plots. 

In  all  our  studies,  the  extent  of  var- 
iability is  the  same  order  of  mag- 
nitude as  in  the  cases  shown  in  Figure 
7-3.  Thus,  our  conclusions  are  not 
biased  by  the  averaging  methods 
chosen  for  graphical  and  statistical 
presentation.  Were  we  interested  in 
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DAYS  OF  AGE  q^YS  OF  AGE 


Figure  7-3.  Sources  of  variability  in  plots  of  acceptability  scores  for  one  eight  pup 
litter  of  rats  tested  2-3  times  daily  with . 1 % saccharin.  The  solid  line  curve  in  plot  A 
connects  the  litter’s  daily  means.  The  dashed  line  curve  connects  means  for  blocks 
of  3 days.  Brackets  show  ±SE.  Curves  on  plot  B connect  three  day  means  for 
individual  pups. 


empirical  or  rational  equations  to  de- 
scribe the  data,  these  considerations 
would  have  become  much  more  im- 
portant. Over-generalizing  from  the 
specific  shape  of  growth  functions 
based  upon  averaged  data  is  a classic 
problem  applicable  to  all  develop- 
mental studies,  of  course,  and  is  more 
easily  recognized  than  resolved.  In 
these  studies  of  neonate  rats  there  is 
one  source  of  individual  variability 
that  could  be  reduced,  at  least  in  prin- 
ciple. The  variability  in  individual 
maturation  rates  of  the  responses  we 
chose  to  measure  could  be  better  con- 
trolled by  using  body  weight  and 
growth  rate,  instead  of  age  in  days,  to 
match  subjects. 

Effect  of  scale  on  acceptability 
measures 

The  data  in  Figures  7-1  through  3 
were  collected  using  a four-category 
scale.  Was  the  shape  of  the  develop- 
mental function  an  artifact  of  the 
number  of  scale  categories?  Figure 
7-4  compares  the  four-category  scale 
with  one  allowing  the  use  of  three  ad- 


ditional categories,  1.5,  2.5,  and  3.5, 
in  determining  each  acceptability  rat- 
ing. The  seven-category  scale  gave 
consistently  lower  ratings  throughout. 
However,  as  in  the  case  of  the  indi- 
vidual differences  discussed  above, 
the  acceptance  trends  using  the 
seven-category  scale  were  the  same  as 
those  using  the  four-category  scale. 


Figure  7-4.  Effecf  of  number  of  scale 
categories  on  measurement  of  .1%  sodium 
saccharin  acceptability  in  rats  tested  2-3  times 
daily.  Three  litters  (N  = 24)  given  4-point  scale 
started  on  day  three,  the  single  litter  (N  = 6) 
given  7-point  scale  on  day  two.  Data  from  day 
two  are  omitted.  Means  ±SE  are  shown. 
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and  our  conclusions  about  the  solu- 
tions tested  in  Figures  7-1  though  3 
would  not  have  been  changed  sig- 
nificantly had  the  seven-category  scale 
been  used. 

Perhaps  a more  extensive  scale 
comparison  using  a within-subjects 
design  would  provide  a more  defini- 
tive evaluation  of  the  potential  use- 
fulness of  the  scale  with  the  larger 
number  of  categories.  However,  in 
the  absence  of  obvious  advantages  for 
either  scale,  the  choice  can  be  made 
on  the  basis  of  the  experimenter’s 
preference. 


Discrimination  within  taste  qualities 

How  specific  is  acceptance  or  rejec- 
tion within  taste  qualities  in  neonates? 
Figure  7-5  directly  compares  two 
sweet  (pure  saccharin  and  sodium 
saccharin)  and  three  bitter  (quinine 
hydrochloride,  quinine  sulfate,  and 
sucrose  octa-acetate)  solutions.  The 
animals  failed  to  discriminate  among 
solutions  of  the  same  taste  quality, 
consistently  showing  high  acceptance 
of  all  sweet  solutions  and  high  rejec- 
tion of  all  bitter  solutions  throughout 
the  testing  period. 


DAYS  OF  AGE 

Figure  7-5.  Ontogeny  of  sweet  preference  and  bitter  avoidance  across  specific 
stimulus  solutions.  Three  litters  (24  subjects)  run  on  two  sweet  and  three  bitter 
stimuli  from  days  3-21.  Means  ±SE  are  shown. 

COMPARATIVE  ACCEPTABILITY— NEONATE  HAMSTERS 


Detailed  observations  of  one 
human  neonate  and  a series  of  studies 
on  neonate  rats  showed  similar  re- 
sponses to  sweet  and  bitter  solutions 
(Table  7-H,  Figure  7-1).  To  expand 
our  explorations  to  other  species,  we 
applied  the  technique  developed  for 
rats  to  three  litters  of  Golden 


Hamsters.  Figure  7-6  compares  the 
responses  of  hamsters  to  bitter,  neu- 
tral, and  sweet  stimuli  to  those  dem- 
onstrated by  rats  of  identical 
chronological  age.  The  results  are 
presented  for  days  19 — 21  after  birth. 
Both  groups  were  presented  quinine 
sulfate,  quinine  hydrochloride,  water. 
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Figure  7-6.  Comparisons  of  sacharin  prefer- 
ence and  quinine  avoidance  in  rats  and 
hamsters.  Rats  (N  = 24)  tested  2-3  times  per 
day;  hamsters  (N=18)  tested  once  per  day. 
Data  shown  are  for  last  three-day  block  in 
animals  tested  during  first  21  days  of  life. 
Three-day  mean  ±SE  of  days  19-21  for  both 
groups. 


and  saccharin.  Although  quinine  and 
water  were  significantly  more  accept- 
able to  the  hamsters  than  to  the  rats 
and  saccharin  was  less  acceptable,  the 


relative  preferences  were  the  same  in 
that  saccharin  was  more  acceptable 
than  water,  which  was  more  accepta- 
ble than  quinine. 


SUMMARY  AND  COMMENT 
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A category  scale  of  taste  preference 
was  developed  during  a series  of  ob- 
servations on  a human  neonate.  The 
scale  was  based  upon  the  oral  be- 
havior of  the  subject  toward  solutions 
applied  to  the  tongue  in  a brief  expo- 
sure test.  This  technique  was  then 
modified  and  applied  to  rats  in  studies 
of  the  ontogeny  of  acceptance  and  re- 
jection, gathering  descriptive  data 
and  asking  methodological  questions. 
Finally,  it  was  used  on  hamsters  for 
comparative  purposes. 

The  results  on  the  human  neonate, 
rats,  and  hamsters  were  similar,  show- 
ing sweet  acceptance  and  bitter  rejec- 
tion, saccharin  > water  > quinine. 
Responses  to  milk  sugar  (lactose)  in 
the  human  neonate  and  rats 
suggested  an  innate  positive  hedonic 
response  to  sweetness  rather  than 
learned  preference.^  With  this  tech- 
nique, the  human  neonate  showed 
mild  acceptance  of  cow’s  milk  and 
mild  rejection  of  human  breast  milk. 


Methodological  studies  in  rats 
showed  (1)  repeated  experience  with 
test  solutions  was  unnecessary  for  the 
demonstration  of  a differential  re- 
sponse, (2)  individual  differences 
should  caution  investigators  against 
interpreting  the  relatively  smooth,  av- 
eraged ontogeny  functions  as  more 
than  a general  trend  useful  for  com- 
paring the  preferences  for  different 
taste  stimuli,  (3)  a four-point  accepta- 
bility scale  was  adequate  to  discrimi- 
nate among  taste  qualities,  (4)  rats  re- 
sponded to  sweet  or  bitter  stimuli  as  a 
class,  failing  to  discriminate  among 
various  sweet  solutions  or  among  dif- 
ferent bitter  solutions. 

The  brief  exposure  technique  de- 
veloped in  these  experiments  and  the 
solutions  chosen  for  test  were  based 
upon  the  published  literature  on  taste 
preferences  in  adult  rats;  there- 
fore, our  results  can  be  related  to 
electrophysiological  and  behavioral 
investigations  of  the  chemical  senses 
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and  taste  preferences  in  animals 
(see  Pfaffmann,^^  Richter/®  Young/^ 
Le  Magnen  ® in  this  volume).  Applying 
closely  analogous  techniques  in  ani- 
mal and  human  taste  studies,  we  have 
obtained  strikingly  similar  results  that 
should  encourage  others  toward 
cross-species  comparison.  Further- 
more, we  would  anticipate  that  con- 
tributions to  the  understanding  of  the 


ontogeny  of  human  taste  preferences 
would  come  from  comparison  of  the 
measures  used  in  our  acceptability 
scale  and  the  oral  reflex  and  ingestion 
techniques  that  have  been  used  on 
human  neonates  by  others  (see 
Crook,^  Desor,  et.  al.®  Engen,^ 
Johnson  and  Salisbury,®  Lipsitt,^® 
Nowlis,^®  Steiner,^®  and  Weiffenbach 
in  this  volume). 
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PART  III 

SWEET  SENSITIVITY  AND  PREFERENCE 
IN  HUMAN  NEWBORNS 


Chapter  8 


PRELIMINARY  STUDIES  ON  FEEDING  AND 
BREATHING  IN  THE  NEWBORN 


P.  Johnson  and  D.M.  Salisbury 


The  attempt  to  relate  the  nature  of 
a newborn’s  feed  to  its  effect  on  pat- 
terns of  sucking  and  breathing  origi- 
nated from  our  studies  of  the  onset 
and  control  of  effective  breathing  at 
birth.  The  upper  airway,  in  particular 
the  laryngeal  inlet,  is  not  only  the 
aditus  to  the  lower  airway  but  also  to 
the  gut.  The  converse  consideration 
was  emphasized  by  Bosma.^ 

For  the  last  two  years,  we  have  been 


examining  the  physiological  function 
of  the  airway  defense  mechanisms  in 
animals.  Proceeding  in  a perhaps  un- 
usual way,  we  introduced  fluids  ret- 
rograde from  the  trachea  to  the 
pharynx.  The  animal  investigations, 
carried  out  chiefly  in  the  lamb,  but  also 
with  newborn  monkey,  calf  and  foal 
and  with  mature  sheep  and  monkeys 
are  briefly  described,  since  they  led  to 
the  human  studies. 


ANIMAL  STUDIES 


Fetuses 

Five  years  ago,  Dawes  and  his  as- 
sociates in  the  Nuffield  Institute  made 
observations  on  chronically  moni- 
tored healthy  fetal  lambs  showing  that 
breathing  activity  was  a normal  activ- 
ity of  fetal  life.^  Figure  8-1  repro- 
duces a 2 hour  long  record  from  a 
healthy  lamb  fetus  7 days  after  surgery. 
Electrocortical  activity  is  measured 
from  bilateral  stainless  steel  screws 
on  the  dura,  tracheal  pressure  by 
catheter  to  a pressure  transducer  and 
tracheal  flow  by  an  electromagnetic 
flowmeter  inserted  in  the  trachea. 
An  important  feature  of  this  record 
is  the  occurrence  of  periodic  rapid 
irregular  breathing  activity  at  the  time 
of  low  voltage  cortical  activity,  alter- 


nating with  periods  of  apnea  and  high 
voltage  cortical  activity.  This  finding 
of  periodic  breathing  activity  in  the 
healthy  fetus  has  changed  our  view  of 
postnatal  breathing.^  Another  feature 
of  fetal  breathing  activity  is  particu- 
larly germane  to  the  comments  that 
Dr.  Mistretta  made  yesterday  and 
should  be  emphasized.  Most  of  the 
stimuli  that  both  stimulate  and  de- 
press respiration  after  birth,  are  simi- 
larly potent  stimuli  during  fetal  life. 
Their  potency  for  the  fetus  is,  how- 
ever, limited  almost  exclusively  to  the 
periods  of  rapid  low  voltage  electro- 
cortical  activity.^  During  periods  of 
high  voltage  electrocortical  activity, 
rapid  breathing  activity  is  seldom  ob- 
served and  the  fetuses’  respiration  is 
relatively  unresponsive  to  stimulation. 


Ill 
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Figure  8-1.  Electrocorticogram  (ECoG),  tracheal  pressure  and  tracheal  flow  in  a 
chronically  tracheotomized  lamb  fetus.  See  text  for  details  of  preparation  and 
comment. 


Similar  factors  may  influence  sucking 
and  swallowing. 

Newborns 

In  our  experiments,  we  observed 
that  different  fluids  in  the  upper  air- 
way elicited  reproducibly  different 
rates  of  swallowing.  Since  the  new- 
born lambs  can  often  be  studied  in  the 
unanaesthetised  state  observations  on 
the  lamb  can  play  an  important  role  in 
relating  experimental  observations  to 
normal  function. 

Method.  The  experimental  prepara- 
tion which  formed  the  basis  of  the 
neonatal  observations  in  animals  can 
be  seen  in  Figure  8-2.  The  trachea  is 
simply  divided  permitting  the  animal 
to  breathe  through  the  caudal  end, 
and  selected  fluids  could  be  intro- 
duced into  the  upper  airway. 

Ninety  three  lambs  ranging  from 
birth  to  3 months  and  of  varying 
breeds  have  been  used  in  these 
studies.  Usually  the  older  lambs  were 
under  light  general  anaesthesia  (sodi- 
um pentabarbitone)  with  local  anaes- 
thetic (1%  Xylocaine)  infiltrated  into 
the  areas  requiring  surgery.  Electro- 
cortical  activity  was  recorded  from 


biparietal  steel  screws  fixed  to  the 
skull  and  insulated  from  it  by  dental 
acrylic.  The  screw  tips  rested  on  the 
dura.  Breathing  was  recorded  either 
quantitatively  by  a Fleish  pneumo- 
tachograph when  a tracheotomy  was 
performed,  or  qualitatively  by  tidal 
CO2  or  impedance  pneumography 
(chest  electrodes)  when  the  airway  was 
intact.  In  some  animals  a continuously 
recording,  rapid  response  catheter  tip 
oxygen  electrode  was  used,  particu- 
larly in  an  effort  to  distinguish  pri- 
mary from  secondary  reflex  respira- 
tory events.  Swallowing  was  recorded 
by  a cannulated  electromagnetic  flow 
meter  inserted  into  the  upper  end  of 
the  oesophagus,  by  a tensionmeter 
attached  to  the  thyroid  cartilage  or 
a fluid  filled  pharyngoesophageal 
catheter.  More  recently  recordings 
from  appropriate  chronically  im- 
planted EMG  electrodes  have  been 
employed  to  index  swallowing.  Blood 
pressure  and  heart  rate  were  meas- 
ured from  arterial  catheters  con- 
nected to  a Bell  and  Howell  pressure 
transducer.  Single  unit  analysis  of  the 
superior  laryngeal  nerve  (SEN)  was 
carried  out  by  dividing  portions  of 
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Figure  8-2.  Preparation  employed  in  study  of  upper  respiratory  influences  upon 
fetal  and  neonatal  respiration.  See  text  for  further  details. 


one  or  both  nerves  and  placing  fine 
strands  on  an  electrode  under  par- 
affin oil.  Often  the  contralateral 
pathway  can  be  maintained  intact  and 
receptor/fibre  characteristics  related 
to  simultaneously  observed  swallow- 
ing and  cardiorespiratory  responses. 
Clearly,  not  all  procedures  were 
applied  to  each  animal.  Similar 
methods  have  been  employed  in  small- 
er numbers  of  calves,  dog  pups,  kit- 
tens and  monkeys. 

Results.  The  record  reproduced  in 
Figure  8-3  shows  the  characteristic 
response  of  our  preparations  to  saline 
and  water  that  has  been  described  be- 
fore.^ The  introduction  of  isotonic 


saline  into  the  upper  airway  elicits 
swallowing  and  very  little  disturbance 
of  breathing,  heart  rate  or  blood  pres- 
sure. In  contrast  water,  similarly  in- 
troduced, causes  a vigorous  burst  of 
swallowing  and  instant  apnoea.  The 
response  is  especially  noticeable  if  the 
animal  is  awake  and  alert.  Of  consid- 
erable importance  is  an  initial 
bradycardia  and  hypertension  not 
simply  related  to  the  ensuing  as- 
phyxia. We  have  discussed  the  signifi- 
cance of  this  response  elsewhere.® 

For  our  present  purposes,  the  im- 
portant point,  is  the  persistence  of  the 
young  animal’s  apnoea.  It  continues 
until  the  stimulus  is  removed.  Only 
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Figure  8-3.  Effect  upon  respiration  of  introducing  saline  and  water  into  the 
upper  airway. 


when  the  water  stimulus  is  replaced 
by  normal  saline  does  the  animal  re- 
establish breathing. 

Table  8-1  summarizes  the  effects  of 
perfusion  of  the  upper  airway  with 
other  fluids  on  breathing  and  swallow- 
ing. 

Discussion.  To  what  purpose  does 
the  animal  distinguish  between  water 
and  saline  in  this  region  of  the  airway? 
Tracheal  fluid  and  amniotic  fluid  are 
the  liquids  most  likely  to  be  present  in 
this  region  in  fetal  life,  and  as  can  be 
seen  in  Table  8-1  they  have  no  effect 
on  breathing,  and  do  not  elicit  swal- 
lowing. The  next  fluids,  after  air,  that 
the  Iamb  is  likely  to  meet  in  postnatal 
life  is  sheep’s  milk,  and  it  has  little  CTr 
no  effect  on  breathing  or  swallowing. 
Cow’s  milk,  however,  caused  apnoea 
and  swallowing  although  the  response 


is  not  as  marked  as  that  caused  by 
water.  The  finding  that  normal  saline 
had  no  effect,  whereas,  water  caused 
apnoea  and  swallowing  is  the  converse 
of  results  that  were  presented 
elsewhere  in  this  volume.^ ^ Nonethe- 
less they  suggest  a relation  to  taste  as 
observed  in  the  oral  region.  Certainly 
the  presences  of  C.  Mistretta  and 
R.  Bradley  in  the  Institute  at  the  time 
hastened  this  consideration. 

It  is  not  unreasonable  to  suggest 
that  our  results  reflect  a locally  dis- 
tinctive form  of  taste  or  chemosensi- 
tive  mechanism.  The  distribution  of 
extra-lingual  taste  buds  in  the  human 
infant  ® provides  a suggestive  homol- 
ogy.  Figure  8-4  is  a parasagittal  sec- 
tion through  the  entrance  to  the 
larynx  of  a 134  day  (near-term)  fetal 
lamb  under  low  power.  The  laryngeal 


Figure  8-5.  Histological  section  of  arytenoid 
epithelium  of  the  lamb  showing  a typical 
“taste  bud”  (x610). 
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Figure  8-4.  Sagittal  section  through  the 
pharynx  and  larynx  0.5  cm  lateral  to  the 
mid-line. 


TABLE  8-1 

RESPONSE  OF  NEWBORN  LAMBS  TO 
PERFUSION  OF  UPPER  AIRWAY 


Perfusing  Liquid 

Apnoea 

Swallowing 

Water 

+ 

+ 

Saline  N 

- 

- 

HCL  0.01  N 

+ 

+ 

Quinine  0.02  M 

+ 

+ 

Sucrose  1 M 

+ 

+ 

Cow’s  milk 

+ 

+ 

Sheep’s  milk 

- 

- 

Amniotic  fluid 

— 

— 

Tracheal  fluid 

- 

- 

inlet  and  the  epiglottis  can  be  iden- 
tified. The  chemosensitive  area  is 
quite  precisely  the  laryngeal  surface 
of  the  epiglottis,  and  the  arytenoid 
processes.  Section  of  the  superior 
laryngeal  nerves  abolishes  this  reflex 
response.  Taste-bud  like  structures 
are  found  in  the  mucosa  of  the  sensi- 
tive area  just  described  (Fig.  8-5). 


There  were  some  1,000  taste  buds  in 
this  area  of  an  example  lamb.  How- 
ever, there  are  also  numerous  fine 
free-nerve  endings  well  seen  on  silver 
staining  of  similar  sections  and  there 
may  be  other  specialized  nerve 
endings. 

Regardless  of  the  structure  of  the 
chemoreceptor,  it  was  important  to 
decide  in  studying  the  end  organ 
here,  whether  there  was  a receptor  in 
the  laryngeal  area  that  could  be  re- 
sponsible for  this  prolonged  apnoea 
in  the  newborn.  In  collaboration  with 
A.  Storey, activity  was  recorded 
from  single  units  of  the  uncut 
superior  laryngeal  nerve  (SLN). 
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Figure  8-6.  Effect  on  superior  laryngeal  nerve  (SLN)  summated  response  and 
tidal  volume  swallowed  of  successive  perfusion  of  upper  airway  with  Saline  (S), 
Water  (W)  and  Saline  (S). 


Water  introduced  into  the  larynx 
evoked  a continuous  discharge  so 
long  as  the  water  stimulus  was  pres- 
ent. This  activity  was  promptly  sup- 
pressed when  saline  replaced  water  as 
the  stimulus.  Figure  8-6  shows  a typi- 
cal summated  single  unit  response. 
R.  Harding  has  recorded  responses  of 
single  SLN  units  to  cow’s  milk,  water 
and  various  concentrations  of  sodium 
chloride.  It  appears  almost  as  if  the 


SLN  provides  a “bio-assay”  of  NaCl.  As 
the  concentration  of  saline  is  de- 
creased, both  the  frequency  of  single 
unit  discharge  and  the  degree  of  ap- 
noea  increase.  A population  of  such 
units  could  be  responsible  for  the 
reflex  respiratory  events.  The  de- 
velopmental change  from  persistent  to 
transient  apnoea  may  well  relate  to  a 
central  reorganization  of  these  as  well 
as  other  sensory  inputs. 
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Figure  8-7.  Recording  of  blood  pressure,  respiration  and  esophageal  flow  from  a 
lamb  during  suckle  feeding  of  ewe’s  milk.  At  arrow,  paper  speed  was  increased 
X 8.  Numbers  on  the  chart  are  Pa  O2,  Pa  CO2  and  pH,  respectively.  See  text  for 
description  of  methods  and  interpretations. 


Feeding  and  state.  In  order  to  study 
the  functional  significance  of  these  re- 
sponses we  adopted  the  more  realistic 
approach  of  introducing  the  fluids 
from  the  oral  direction.  Presumably 
this  is  the  more  commonly  used  path- 
way. Figure  8-7  is  a record  from  an 
unanaesthetised  newborn  lamb  with  a 
flowmeter  in  the  oesophagus  for 
measuring  swallowing.  A pneumo- 
tachograph provided  quantitative 
measures  of  ventilation  and  an  arte- 
rial catheter  measures  of  blood  pres- 
sure. The  lamb  ingests  ewe’s  milk  from 
a bottle.  This  animal  is  quite  capable  of 
continuing  to  breathe,  seemingly  fairly 
effectively,  during  spontaneous  feed- 
ing. However,  it  is  worth  observing 
that  at  the  end  of  a relatively  short 
swallowing  burst  this  lamb  was  com- 
paratively hypoxemic  and  hypercap- 
nic. We  were  impressed  that  these 
animals  were  apparently  more  “in- 
terested” in  food  intake  than  the  as- 
sociated asphyxia.  We  have  even  ob- 
served lambs  that  are  standing  while 
feeding  to  develop  a Pa02  as  low  as  20 
torr  (normal  Pa02  approx.  80  torr.).  It 
appears  that  feeding  represents  at 


least  one  physiological  situation  in 
which  the  chemical  drive  to  respiration 
is  suppressed  and  effective  breathing 
does  not  occur.  Attention  must  be  fo- 
cused on  effective  breathing  and  not 
merely  on  breathing  per  se. 

By  gently  inserting  a soft  oro- 
pharyngeal catheter  in  newborn 
lambs  we  were  able  to  introduce  fluids 
directly  into  the  pharynx.  Breathing, 
swallowing  and  heart  rate  were  moni- 
tored non-invasively  while  saline  or 
water  was  placed  in  the  pharynx  dur- 
ing sleep.  Water  usually  initiated  a 
startle,  swallowing  and  transient 
apnoea.  Occasionally  we  observed  ap- 
noea  alone.  In  such  cases  the  apnoea 
was  likely  to  be  prolonged  and 
persistent  and  to  terminate  in  a con- 
vulsive episode.  On  the  other  hand, 
saline  would  usually  not  initiate  swal- 
lowing or  apnoea  and  would  be  aspi- 
rated into  the  lower  airway.  Often 
explosive  coughing,  presumably  initi- 
ated from  the  carina  would  both  wake 
the  lamb  and  remove  the  offending 
liquid.  It  was  noticeable  that  the  lamb 
did  not  have  a cough  reflex  initiated 
from  the  laryngeal  aditus  either  by 
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direct  stimulation  or  electrical  stimu-  human  infant  during  feeding  might 


lation  of  SLN.  These  studies  did  not 
include  a detailed  analysis  of  sleep 
state  which  may  have  provided  a bet- 
ter guide  to  the  pattern  of  response 
observed. 

These  various  studies  suggest  the 
possibility  that  swallowing,  breathing 
and  cardiovascular  responses  of  the 


HUMAN 

The  previous  observations  in  ani- 
mals suggest  that  the  nature  of  the 
nutrients  fed  determines  not  only  the 
feeding  pattern  but  also  breathing 
pattern.  It  was  felt  that  one  could 
reasonably  study  the  human  infant 
and  ask  some  of  these  questions  in  a 
physiological  and  ethical  manner. 
Thus  some  normal,  healthy,  alert 
term  infants  were  fed  saline  and 
water. 

Methods 

To  obtain  accurate  measurements, 
rather  than  for  any  physiological  con- 
sideration, these  infants  were  fed 
from  a special  bottle  that  prevented 
the  development  of  a vacuum  during 
sucking.  Thus  a constant  ad  libitum 
supply  of  fluid  was  available  to  the 
infant  at  low  resistance.  The  clear 
perspex  bottle,  which  is  pictured  in 
Figure  8-8,  incorporates  an  electro- 
magnetic flowmeter  in  its  outlet  and  a 
reed  valve  that  prevents  the  develop- 
ment of  a vacuum  inside.  The  flow 
signal  can  be  integrated  to  provide  net 
flow  per  unit  time  when  required. 
Breathing  was  recorded  by  measuring 
tidal  CO2  via  a nasal  catheter  to  a 
Beckman  LBl  analyser.  Heart  rate 


depend  upon  the  nature  of  the  liquids 
presented.  It  is  likely  that  the  mag- 
nitude of  the  responses  and  thus  the 
ability  to  measure  differences  be- 
tween specific  liquids  depends  on  in- 
volving the  chemosensory  defense  of 
the  airway. 


STUDIES 

I 

was  usually  measured  from  skin  ECG  ’ 
electrodes.  In  some  infants,  laryngeal  J 
movements  were  measured  from  ' 
pressure  changes  in  an  air  filled  bal- 
loon adherent  to  the  skin  of  the  neck 
above  the  larynx.  The  electrical  sig-  1 
nals  were  displayed  on  an  oscilloscope  1 
and  recorded  on  a 4 channel  UV/  ' 

physiological  recorder.  . 

It  was  necessary  for  the  electro-  | 
magnetic  flowmeter  to  remain  liquid  | 
filled  in  order  to  function  accurately,  i 
As  a byproduct  of  using  this  system  | 
the  amount  of  excess  air  swallowed 
was  reduced  and  the  quality  of  the  j, 
sucking  records  improved.  Neither  ' 
flowmeters  nor  infants  function  par-  ' 
ticularly  well  when  excessive  amounts 
of  air  enter  them.  I 

Saline  and  water 

Term  newborn  infants  delivered  in 
the  John  Radcliffe  Hospital  and  the 
products  of  normal  pregnancies  were 
randomly  selected.  They  were  studied  1 

during  the  first  week  of  life  at  routine 
feeding  times  after  they  had  settled  ' i 
down  with  the  monitors  applied.  In 
the  initial  studies  the  infants  were  fed  1 
30  milliliters  (mis)  of  isotonic  saline 
and  water  according  to  a selected  se- 
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Figure  8-8.  Nursing  apparatus  with  electromagnetic  flowmeter  and  controlled 


valve  to  atmosphere. 

quence.  During  feeding  each  infant 
was  held  by  a nurse  assistant  or  by  the 
mother. 

An  interesting  and  perhaps  alarm- 
ing finding  is  seen  in  Table  8-1 1. 
While  swallowing  the  saline,  7 of  the 
10  newborns  aspirated  an  appreciable 
quantity  of  it.  Similar  gurgling  in  the 
airway,  however,  was  detected  in  only 


TABLE  8-11 

INHALATION  OF  FLUID  BY  HUMAN 
INFANTS  FED  SALINE 


Age 

Total  sample 

Inhaled  saline 

1-2  days 

10 

7 

6-18  days 

8 

1 

1 of  8 infants  who  were  over  one  week 
of  age.  None  of  the  babies  came  to  any 
harm,  but  these  particular  studies 
ceased.  The  results  suggest  that  the 
control  of  sucking,  breathing  and 
swallowing  in  the  human  might  in- 
volve sensors  and  reflexes  similar  to 
those  that  we  had  been  examining  in 
the  lamb.  The  next  studies  examine 
responses  to  the  liquids  that  human 
babies  would  normally  receive,  artifi^ 
cial  formula  and  human  breast  milk. 

Breast  and  artificial  milk 

Forty-four  newborns  were  fed  ex- 
pressed breast  milk  (EBM)  and  artifi- 
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dal  formula;*  each  for  one  minute. 
The  EBM  was  from  a breast  milk 
bank  and  not  from  the  individual  in- 
fant’s mother.  The  sequence  in  which 
the  fluids  were  given  varied.  Infants 
drank  approximately  30  ml.  of  each 
fluid.  The  behavior  of  the  infants  in 
response  to  EBM  provided  a division 
of  the  sample  into  two  groups  of  ap- 
proximately equal  size.  The  infants  of 
Group  1 showed  a characteristic 
burst-pause  pattern  of  sucking  like 
that  shown  in  Eigure  8-9.  This  suck- 
ing is  similar  to  that  described  by 
Lipsitt  in  this  volume.^®  The  infants 
swallow  30  ml.  of  EBM  with  virtually 
no  disturbance  of  their  pattern  of 
breathing.  However,  on  feeding  ar- 
tificial milk,  these  infants  displayed 
the  quite  different  pattern  shown  in 
Eigure  8-10.  Sucking  was  generally 
continuous  over  the  feed  period. 
Breathing  was  disturbed,  often  mark- 


edly so.  The  infants  of  Group  2 exhib- 
ited the  disturbed  pattern  of  feeding 
and  breathing  in  response  to  both 
EBM  and  artificial  milk.  The  two 
groups  were  not  distinguished  by  any 
feature  of  the  pregnancy,  delivery  or 
neonatal  management  we  could  dis- 
cover. Interestingly  neither  the  nurs- 
ing staff  or  the  mothers  noticed  any 
difference  between  the  babies  of  these 
two  groups,  whether  they  were  being 
artificially  fed  or  not.  Other  details  of 
this  study  appear  elsewhere.® 

The  burst-pause  pattern  of  sucking 
which  we  have  observed  is  considered 
by  Wolff  to  be  uniquely  human.  It 
has  recently  been  described  in  the 
context  of  breast  feeding. Our  ob- 
servations of  breast  feeding  made  in 
connection  with  present  studies  are 
confirmatory.  Eurthermore,  it  is  of 
interest  that  several  mothers  observ- 
ing the  sucking  pattern  on  an  oscillo- 
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Figure  8-9.  Record  of  fluid  flow,  of  suckling  per  laryngeal  elevation,  and  of 
expired  CO2  during  drinking  of  human  expressed  breast  milk  (EBM).  Female 
infant  age  4 days;  b.  wt.  3799g. 


* 1 liis  lorinula,  bal)y  milk  I (liall  trcani),  is  manufaclurecl  by  Cow  and  Gate  Baby  Food,  Guildford,  Surrey, 
Kngland.  It  is  intended  for  use  with  normal  newborns  and  contains  2.0  gm.  fat,  2. .5  gm.  protein,  7.1  gm.  CHO,  55 
(alories  |>et  100  ml. 
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Figure  8-10.  Record  of  fluid  flow,  of  suckling  and  of  expired  CO2  during 
drinking  of  arrificial  formula  (see  footnote  page  120).  (Same  infant  as  Figure 
8-9) 


scope  commented  that  the  burst- 
pause  pattern  was  similar  to  their  ex- 
perience of  breast  feeding  their 
infant.  The  record  in  Figure  8-11 
confirms  the  point  made  by  Lipsitt 
that  many  babies  sucking  from  an 
empty  bottle  or  a blind  teat  exhibit  the 
burst-pause  pattern  and  demonstrate 
the  restricted  extent  of  breathing 
disturbance. 

In  a number  of  instances,  brady- 
cardia was  seen  as  part  of  the  re- 
sponse pattern  shown  in  Figure  8-10. 


We  believe  this  may  be  a primary 
reflex  response  via  chemo-sensitive 
receptors  or  a secondary  effect  of 
the  relative  hypoxemia  during 
the  hypoventilation.  These  factors 
cannot  be  assessed  in  the  human  as 
yet.  However,  evidence  suggesting 
differential  cardiorespiratory  re- 
sponse to  artihcial  and  breast  milk 
comes  from  two  term  babies  that  be- 
came cyanotic  on  feeding  artificial 
milk.  Under  our  observation  these  in- 
fants did  not  become  cyanotic  when 
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Figure  8-11.  Breathing  as  measured  by  expired  CO2  continues  in  regular  pat- 
tern during  non-nutritive  sucking. 
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fed  either  EBM  or  saline.  Cyanosis  outgrow  the  cyanotic  episodes  in 

during  feeding  is  not  an  unusual  din-  response  to  feeding.  Similar  obser- 

ical  problem.  A large  delivery  service  vations  have  been  made  by  E. 

can  be  expected  to  have  2 or  3 such  Bernard  in  Sidney  (unpublished 

infants  per  year.  They  appear  to  observations). 

CONCLUSIONS 


It  seems,  therefore,  that  the 
chemo-sensitivity  of  the  upper  airway 
influences  feeding  and  breathing  pat- 
terns. Whether  humans  have  func- 
tional sensors  at  the  larynx  and  a 
reflex  similar  to  the  one  we  have  ob- 
served in  lambs,  we  cannot  say.  How- 
ever, the  fact  that  some  babies  seem- 
ingly fail  to  close  their  airway  when 
feeding  saline,  does  suggest  that  such 
a mechanism  is  involved  during  nor- 
mal feeding.  The  clinical  significance 
of  these  differences  remain  to  be 
elucidated. 

At  present,  it  seems  that  taste  or 
something  very  like  it  is  an  important 
component  of  the  reflex  defense  of 
the  airway  during  suckling.  When 
testing  the  effects  of  various  liquids 
on  performance  during  ingestion, 
one  should  be  aware  of  possible  simul- 
taneous effects  on  ventilation.  Feed- 
ing is  a complex  integrated  reflex 
function  with  respiratory  and  heart 


rate  components  that  fortunately  can 
quite  readily  be  measured  non- 
invasively.  At  the  very  least,  one 
should  be  aware  of  the  hypoxaemia 
that  may  develop  during  feeding.  It  is 
known  that  hypoxaemia,  particularly 
in  the  newborn,  can  depress  a number 
of  functions  including  breathing  and 
swallowing. 

Our  observations  in  the  human 
were  carried  out  on  infants  in  the 
alert  awake  state.  This  may  be  criti- 
cally important.  We  are  presently 
studying  changes  in  the  functional  re- 
sponse of  neural  pathways  involved  in 
the  defense  of  the  airways  in  relation 
to  the  normal  rest-activity  cycle  and 
diurnal  rhythms  in  the  newborn.  In 
particular,  we  are  considering  this 
type  of  reflex  response  in  relation  to 
apnoea  of  the  premature  human 
newborn,  and  its  possible  role  in  the 
sudden  infant  death  syndrome. 
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DISCUSSION 


Mistretta:  In  regard  to  the  blood 
gas  values  which  you  have  measured 
in  feeding  lambs,  have  you  ever  ob- 
served lambs  that  continued  to  feed 
even  though  blood  gas  values  are 
dangerously  abnormal? 

Johnson:  Usually  these  animals 

had  exhausted  the  milk  in  the  bottle  at 
the  same  time  as  they  were  observed 
to  be  hypoxaemic.  However  we  have  a 
number  of  observations  of  lambs 
standing  still  feeding  with  PaOa  be- 
tween 20  and  34  (normal  value  new- 
born lamb  approx.  80  torr .) . Most  of  us 
would  have  considered  these  levels  to 
be  significant  hypoxaemia  in  terms  of 
the  survival  of  these  lambs.  It  does 
become  difficult  to  say  just  how 
dangerous  the  hypoxaemia,  presum- 
ably repetitive,  may  be.  As  far  as  the 
human  is  concerned,  in  the  two  in- 
fants that  were  cyanotic  during  artifi- 
cial feeding  but  not  when  fed  breast 
milk,  the  heart  rate  changes  and  the 


visible  appearance  of  cyanosis  with 
time,  give  us  some  indication.  We 
hope  to  obtain  a transcutaneous  oxy- 
gen and  CO2  electrode  for  the  human 
studies  to  obtain  a more  definitive  re- 
lationship of  the  blood  gas  status  dur- 
ing feeding.  We,  also,  plan  to  come 
back  to  this  in  more  detail  in  animal 
studies. 

Pfaffmann:  I would  like  to  relate 
your  records  from  the  very  posterior 
oral  cavity  to  the  question  of  tongue 
responsivity  in  the  lamb.  First,  what 
about  water  responses? 

Mistretta:  No,  water  responses 
were  not  present  on  the  tongue  of 
fetal,  newborn,  or  adult  sheep. 

Pfaffmann:  But  Dr.  Johnson  has 
evidence  for  its  occurrence  at  the  very 
posterior  region.  That  would  make  a 
lot  of  functional  sense.  Zotterman  ^ 


* Zotterman,  Y.:  The  response  of  the  frog’s  taste  fibers 
to  the  application  of  pure  water.  Acta  physiol.  Scand., 
18:181-189,  1950. 
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theorized  that  the  lingual  water  recep- 
tors protected  frogs  from  swallowing 
too  much  water.  A water  receptor  in 
the  mammal  makes  functional  sense 
in  the  control  of  respiration. 

Johnson:  What  do  you  think?  Can 
taste  buds  detect  water?  Or  are  these 
free  nerve  endings? 

Pfaffmann:  Well,  until  you  re- 

ported this  sort  of  observation,  one 
could  account  for  a lot  of  the  reported 
water  responses  from  the  tongue  as  a 
result  of  adaptation  by  other  chemi- 
cals that  seemed  to  change  the  excita- 
bility or  the  ion  distribution  around 
those  taste  buds.  Some  (Beidler 
doubt  that  the  water  receptor  on  the 
tongue  is  a true  phenomena.  I think 
Linda  Bartoshuk  ^ especially  is  con- 
cerned about  that  and  her  evidence 
suggests  that  it  is  a question  of  taste 
bud  adaptation. 

Mistretta:  I think  that  taste  recep- 
tors in  the  oral  cavity  located  in  extra- 
lingual  areas  could  be  functionally 
quite  different  from  those  on  the 
tongue.  Neurophysiologists  should 
begin  to  study  these  extra-tongue 
taste  buds  in  more  detail. 


Nowlis:  Perhaps  Dr.  Johnson’s 

data  lend  themselves  as  well  to  an  in- 
terpretation involving  taste  bud  adap- 
tation. If  the  fluids  in  which  the  taste 
buds  in  this  study  are  bathed  have  a 
sodium  ion  content  close  to  that  of 
physiological  saline,  then  we  might 
infer  that  this  is  the  concentration  of 
sodium  ion  at  which  the  taste  buds  are 
adapted.  Further  stimulation  with 
applied  physiological  saline  would  not 
be  expected  to  yield  a taste  response, 
whereas  lower  concentrations  or  dis- 
tilled water  would  do  so,  according  to 
the  current  views  on  the  water  re- 
sponse cited  by  Dr.  Pfaffmann.  Dr. 
Johnson’s  report  of  a reflexive  re- 
sponse to  water  but  none  to  physiolog- 
ical saline  would  seem  consistent  with 
this  view. 

Johnson:  It  is  not  necessary  for  the 
water  to  follow  saline,  if  you’re  refer- 
ring to  our  experiment.  We  are  now 
examining  the  effects  of  saliva  and 
regurgitated  gastric  contents  and  this 
sort  of  thing  that  may,  very  reasona- 
bly, come  in  contact  with  this  area  and 
modify  these  responses. 


‘ Beidler,  L.M.;  Anion  influences  on  taste  receptor  re- 
sponse. In  Hayaski,  T.  (Ed.),  Olfaction  and  Taste,  II, 
Oxford,  Pereamon  Press,  1967,  pp.  509-534. 

Bartoshuk,  L.M.:  NaCI  thresholds  in  man: 

Thresholds  for  water  taste  or  NaCl  taste. y.  comp,  physiol. 
Psychol.,  87:310-325,  1974. 


Chapter  9 


TASTE  IN  HUMAN  NEONATES:  ITS  EFFECTS 
ON  SUCKING  AND  HEART  RATE 


Lewis  P.  Lipsitt 


The  pacifying  effects  of  sucking  on 
agitation  in  the  human  newborn  have 
been  appreciated  for  many,  many 
years.  Tradition  in  lying  in  hospitals 
has  it  that  a sugar  nipple,  which  is  a 
commercial  bottle  nipple  stuffed  with 
a wad  of  cotton  soaked  in  simple 
syrup,  works  even  better.  The  sugar 
nipple  is  often  used  in  the  course  of 
otherwise  unanesthetized  circumci- 
sions to  reduce  the  wailing,  and  pre- 
sumably to  increase  the  comfort  of  the 
infant. 

The  hrst  section  of  this  paper  will 
present  a brief  historical  summary  of 
data  on  neonatal  taste  existing  to 
about  20  years  ago,  at  which  time  a 
greater  empirical  interest  began  to 
appear  in  all  aspects  of  sensory  func- 
tioning in  the  very  young  child.  Not 
surprisingly,  the  upsurge  of  interest  in 
perceptual  processes  of  the  newborn 
and  in  the  hedonic  (reinforcement- 
guided)  quality  of  his  responses  has 
coincided  with  a contemporary  boom 


in  research  on  learning  capacities 
of  the  very  young  child. 

The  second  portion  of  the  paper 
will  present  some  recent  data  from  my 
own  laboratory  relating  to  the  effect 
of  taste  on  several  parameters  of  the 
sucking  response,  the  stability  of  suck- 
ing behavior  within  the  newborn 
period,  and  some  findings  concerning 
the  relations  among  taste,  sucking, 
and  heart  rate.  In  this  section  it  will  be 
shown  that  increasing  sweetness  of 
the  fluid  delivered  to  the  infant  con- 
tingent upon  its  sucking  response  re- 
sults both  in  a slowing  down  of  the 
sucking  rate  and  an  enhancement  of 
heart  rate,  suggesting  that  a savory 
(positively  hedonic)  influence  is  at 
work.  It  will  be  obvious  that  more  re- 
search is  needed  on  the  integration  of 
sucking,  breathing,  swallowing,  and 
heart  rate,  and  the  role  that  early  taste 
and  feeding  experience  may  have  in 
determining  later  appetitive  and  aver- 
sive behaviors. 


NEONATES  TASTE  SWEET 


What  follows  is  a chronological 
summary  of  the  early  literature  on 
neonatal  reactions  to  gustatory 
stimuli.*  The  dearth  of  such  studies, 

* This  review  was  prepared  with  the  help  of  Sally  Ann 
Serunian,  to  whom  tne  author  is  grateful,  and  its  prep- 
aration was  supported  by  funds  from  the  National  Insti- 
tutes of  Health. 


coupled  with  the  lack  of  standardized 
apparatus,  stimuli,  and  methods  has 
slowed  the  acquisition  of  knowledge 
about  the  taste  sense  in  infants. 
Moreover:  “The  absence  of  language 
responses  in  the  newborn  infant  has 
restricted  the  investigation  of  just 
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those  problems  which  are  the  basis  of 
adult  behavior.  If  some  substitute  for 
such  responses  could  be  secured,  a 
new  field  of  inquiry  would  be  opened 
and  light  shed  on  many  problems 
which  had  not  even  been  formulated” 
(Jensen,  1932,  p.  367).  Forty-three 
years  later,  it  still  must  be  regretted 
that  no  method  has  yet  been  de- 
veloped which  yields  unequivocal 
conclusions  pertaining  to  the  positive 
and  negative  taste  reactions  of 
neonates. 

Because  the  newborn’s  gustatory 
responses  are  not  entirely  like  those  of 
adults,  some  early  investigators  were 
led  to  believe  that  the  taste  sense  in 
neonates  is  “dormant,”  while  the 
fact  that  some  differential  reactions 
are  found  at  birth  led  others  to  con- 
clude that  the  taste  mechanisms  are 
already  well  developed  at  that 
time.^^’^^’^’' 

Most  of  the  early  psychobiological 
research  on  taste  in  infants  has  been 
extensively  reviewed  by  Peiper,^^  and 
Pratt,  Nelson,  and  Sun.^®  Pratt  (1954, 
pp.  242-244)  has  also  provided  a brief 
synopsis.  In  the  earliest  reported 
work,  Kussmaul  used  a saturated 
sugar  solution,  and  solutions  of 
quinine  sulphate,  salt,  and  tartaric 
acid  as  stimuli.  Facial  expression  and 
movements  of  specific  parts  of  the 
face  were  the  responses  observed. 
Kussmaul  noted  sucking  movements 
to  sugar,  and  grimaces  to  the  other 
three  stimuli.  Occasionally,  however, 
he  found  the  facial  expressions  to 
sugar  similar  to  the  reactions  to  bitter. 
He  also  found  that  even  infants  born 
prematurely  by  one  or  two  months 
would  suck  at  sweet  substances  with 
what  appeared  to  him  to  be  satisfac- 
tion, whereas  “.  . . upon  the  applica- 
tion of  quinine  solution  the  face 


became  distorted,  the  tongue  would 
be  stuck  out,  and  the  introduced 
liquid  ejected  with  abundant  spittle” 
(Kussmaul,  quoted  in  Montagu,  1962, 
p.  106).  On  the  basis  of  these  results, 
Kussmaul  concluded  that  the  taste 
mechanism  in  newborn  infants  is  well 
developed  and  that  gustatory  stimuli, 
for  the  most  part,  produce  facial  ex- 
pressions corresponding  with  those  of 
the  adult. 

Preyer  seemed  to  substantiate 
Kussmaul’s  findings,  again  using  fa- 
cial expressions.  His  stimuli  were 
sugar,  salt,  an  acetic  acid  solution  for 
the  sour  stimulus,  and  quinine  (3-5% 
solution)  for  bitter.  Preyer’s  descrip- 
tions indicate  that  quinine  usually 
evoked  a wry  facial  reaction,  charac- 
terized by  tightly  shut  eyes,  convulsive 
contractions  of  the  throat,  a wide 
opening  of  the  mouth,  and  the  ejec- 
tion of  the  solution  along  with  mu- 
cus. Even  on  the  first  day  of  life,  this 
“bitter”  expression  was  reportedly 
quite  different  from  the  one  to 
“sweet.”  In  turn  the  “sour”  expression 
differed  from  both  the  “bitter”  and 
the  “sweet”  reactions.  Preyer  observed 
individual  differences  in  reactions  of 
the  newborns  to  the  various  taste 
stimuli,  differences  which  he  ex- 
plained in  terms  of  “sensibility  to  de- 
grees of  intensity”  (Pratt,  Nelson,  and 
Sun,^®  p.  105).  He  suggested  that 
neonatal  sensitivity  can  not  only  be 
measured  to  differing  intensities  of 
taste  stimulation  but  that  sensitivity 
increases  in  the  first  few  days  of  life. 
He  concluded  that  of  all  reactions  in 
the  newborn,  those  to  gustatory 
stimuli  are  most  highly  developed  and 
that  differential  gustatory  qualities 
are  distinguished  by  the  neonate, 
evoking  different  reflex  movements. 
Preyer’s  conclusions  were  essentially 
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the  same  as  those  of  Kroner/^  writing 
at  about  the  same  time. 

Markedly  contrasting  with  the  ob- 
servations of  specific  reactions  to  taste 
stimuli,  Shinn  reports  that  the  new- 
born is  extremely  unresponsive  to  dif- 
ferent tastes  on  the  basis  of  her  repeti- 
tive observations  of  one  child. 

The  work  of  Peterson  and  Rainey 
is  noteworthy  for  the  large  number  of 
subjects  observed.  They  observed  the 
facial  reactions  of  76  neonates  to  a 
concentrated  salt  solution,  a 1%  solu- 
tion of  acetic  acid,  syrup  of  un- 
specified strength,  and  tincture  of 
gentian.  They  reported  differential 
mimetic  reactions  to  these  four  stimuli 
characteristic  of  adults.  Besides  these 
expressions  of  contentment  or 
grimaces  of  discomfort,  they  found 
that  the  simple  appearance  of  sucking 
movements  cannot  be  taken  as  evi- 
dence of  satisfaction,  for  salt,  sour, 
and  bitter  stimuli  often  produce  such 
sucking  motions  conjoined  with  ex- 
pressions of  dissatisfaction.  Peterson 
and  Rainey  found  the  same  reactions 
in  prematures  as  in  term  infants. 

Canestrini  ^ seems  to  have  been  the 
first  investigator  to  use  direct  mea- 
sures of  cardiovascular  and  respira- 
tory response  for  studying  neonatal 
taste  reactions.  He  attached  a Mare 
pneumograph  to  the  top  of  the  in- 
fant’s head  and  recorded  the 
infant’s  pulse  from  the  fontanelle. 
A small  pneumobelt  around  the  in- 
fant’s abdomen  recorded  respiration. 
Canestrini  studied  the  responses  of  35 
subjects  from  one  to  fourteen  days  of 
age  to  the  following  solutions, 
warmed  to  body  temperature;  (a) 
sweet  (2-5%  sugar  solution),  (b)  sour 
(2-5%  vinegar  solution),  (c)  salt  (2% 
solution),  (d)  bitter  (2%  quinine 
solution),  (e)  diluted  cow’s  milk,  (f) 


mother’s  milk,  and  (g)  air.  A quieting, 
calming  effect  of  the  sweet  solution 
was  shown  by  a lowering  of  the  res- 
piratory and  circulatory  rates.  Salt 
produced  “restlessness,”  revealed  in 
respiration  disruption  and  pulse  in- 
creases, and  by  cessation  or  interrup- 
tion of  sucking  movements.  Sour  and 
bitter  produced  irregularities  of 
breathing  and  fontanelle  action  that 
were  greater  than  those  caused  by 
sweet  and  salt.  Responses  to  sour  and 
bitter  stimuli  were  not  grossly  differ- 
ent from  each  other. 

Canestrini  reported  that  response 
latency  to  taste  stimuli  was  shorter 
than  for  any  other  neonatal  sense 
mechanism.  This  contention,  while 
impossible  to  support  definitively  be- 
cause of  the  dependency  of  response 
latency  on  stimulus  intensity  and  the 
difficulty  of  making  cross-modal 
comparisons,  finds  some  corrobora- 
tion in  modern  observations.  The 
newborn’s  sucking  rate,  as  we  now 
know,  changes  within  just  a few  sucks 
after  a shift  from  one  concentration 
of  sugar  to  another.^®  Canestrini’s  ob- 
servation that  with  every  sucking 
movement  there  is  an  increase  in 
fontanelle  action,  while  probably  in- 
correct quantitatively  except  under 
specially  selected  taste  conditions,  in- 
dicates that  he  was  sensitive  to  the 
intricate  interrelationships  among  the 
several  psychobiological  systems  as- 
sociated with  taste  and  ingestion  (suck- 
ing, swallowing,  respiration,  and 
pulse)  whose  synchrony  we  are  now 
beginning  to  understand  quite  well. 
Canestrini  also  noted  that  the  infant’s 
high  degree  of  gustatory  sensitivity  has 
survival  value,  in  that  it  operates  to 
protect  the  young  child  from  ingesting 
harmful  solutions. 

Drummond  ^ wrote  of  the  difficulty 
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involved  in  isolating  taste  from  smell, 
temperature,  and  touch.  Using  the  in- 
fant’s behavior  and  facial  expressions 
as  indicators  of  satisfaction  or  dissatis- 
faction, she  concluded  that  any  mod- 
erate taste  stimulus  is  pleasant,  and  a 
very  strong  stimulus  is  unpleasant  and 
gives  rise  to  grimaces  and  movements 
calculated  to  avoid  it.  Drummond 
was,  then,  cautioning  against  con- 
taminating stimulus  quality  with 
stimulus  intensity. 

Eckstein  ^ criticized  mimetic  re- 
sponses as  crude  indices  of  different- 
ial taste  sensations,  and  his  studies  of 
prematures,  normal  neonates,  and 
older  infants  used  graphically  re- 
corded sucking  responses.  The  stim- 
uli were  cane  sugar,  salt,  quinine,  and 
lemon  juice,  all  in  varying  concentra- 
tions. Eckstein’s  results  showed  that 
even  premature  infants  respond  dif- 
ferentially to  different  taste  stimuli. 
Almost  all  infants  made  similar  dif- 
ferential responses  to  the  same 
stimuli,  with  “bitter”  almost  without 
exception  being  followed  by  inhibi- 
tion of  the  sucking  reflex. 

Another  study  worthy  of  brief  men- 
tion was  that  of  Bryan  ^ who  tested  66 
neonates  with  a variety  of  stimuli  in 
different  modalities  and  found  no 
differential  reactions  to  various  milks 
which  were  presented  as  taste  stimuli, 
this  Ending  being  in  agreement  with 
that  of  Canestrini,  who  found  no  dif- 
ferential response  to  cow’s  milk  and 
mother’s  milk.  Unfortunately  the  re- 
port does  not  provide  much  informa- 
tion on  the  types  of  observations 
made. 

The  Pratt,  Nelson,  and  Sun  in- 
vestigation of  neonatal  taste,  like  their 
studies  of  newborns  in  other  mod- 
alities, stands  as  a classic  because  of 
the  parametric  administration  of 


stimuli  and  the  care  taken  in  quantify- 
ing babies’  responses.  They  used  a 
stabilimeter  and  polygraph  to  record 
bodily  movements,  and  obtained 
supplementary  records  of  sucking 
behavior  and  facial  reactions.  The  in- 
fant’s mouth  was  opened  for  insertion 
of  the  taste  applicators  (cotton-tip 
sticks)  by  touching  the  corner  of  the 
mouth.  In  fact,  the  authors  noted  that 
this  tactile  stimulation  was  sometimes 
sufficient  to  induce  sucking,  and  in 
their  response  recording  they  distin- 
guished between  the  sucking  reflex 
and  the  infant’s  reactions  to  taste 
stimuli.  Testing  28  infants  an  average 
of  8 times  from  birth  to  15  days  of 
age,  for  a total  of  227  tests  and  858 
stimulations,  Pratt,  Nelson,  and  Sun 
observed  differential  responses  to 
sugar,  salt,  quinine,  and  citric  acid, 
with  distilled  water  being  used  as  a 
control  stimulus.  Temperatures  of  the 
solutions  were  kept  relatively  homo- 
geneous between  20  and  27  degrees 
Centigrade. 

The  sugar  solution  used  was  5 grams 
to  30  grams  of  water  (16.66%),  the 
salt  solution  was  5 grams  to  60  grams 
of  water  (8.33%),  the  quinine  was 
.3  grams  to  120  grams  of  water  (.25%), 
and  the  citric  acid  was  3 grams  to  140 
grams  water  (2.14%). 

Pratt,  Nelson,  and  Sun  presented 
tables  to  show  that  they  obtained  some 
reaction  to  all  of  the  non-water  stimuli 
about  85%  of  the  time,  with  sucking 
occurring  on  approximately  30%  of 
the  stimulations.  There  was  relatively 
little  change  in  frequency  of  elicited 
sucking  from  birth  to  1 1 days  of  age, 
but  it  was  noted  that  head  movements 
increased  from  7 to  11%,  and  facial 
reactions  increased  from  14  to  24%. 
Facial  reactions  became  particularly 
pronounced,  the  authors  said,  to  salt. 


129 


Taste  Effects  on  Sucking  and  Heart  Rate 


! sour,  and  bitter.  Over  the  first  1 1 days 
of  life,  sucking  movements  for  sugar 
increased  from  44  to  52%,  and  water 
26  to  37%,  and  decreased  for  quinine 
I (20  to  16%)  and  citric  acid  (6  to  4%). 

I Overall  sucking  reactions  to  the  vari- 
I ous  stimuli  were:  49%  to  sugar,  36% 
j to  salt,  32%  to  water,  22%  to  quinine, 
and  7%  to  citric  acid.  The  reactions  to 
I water  seemed  to  suggest  that  new- 
borns react  not  to  taste  alone  but  in 
part  to  the  presence  of  something  in 
I the  mouth,  and  thus  response  to 
water  should  perhaps  be  taken  as  the 
“basal  level.”  It  was  found  that  body 
I movements  occurred  most  (25%  of 
! the  time)  to  citric  acid  and  least  (15%) 
j to  water.  Interestingly,  Pratt,  Nelson, 
and  Sun  compared  adult  reactions  to 
those  of  the  infants  and  observed  that 
i the  citric  acid  solution  which  they 
j used  seemed  weak  to  adults,  yet  pro- 
j duced  strong  reactions  in  the  infants; 
conversely,  their  quinine  solution 
seemed  strong  to  the  adults,  but  pro- 
duced a relatively  weak  aversive  re- 
sponse in  the  neonates. 

In  another  early  investigation  with 
well-controlled  procedures  for  the 
time,  Jensen  used  a simulated  feed- 
ing procedure  as  the  setting  for  re- 
cording infant  responsivity  to  taste 
stimuli.  Rather  than  dabbing  the 
tongue  with  minute  quantities  of  fluid, 
Jensen  used  a specially  constructed 
nursing  bottle.  Its  calibrated  nipple 
connected  with  a manometer  that  reg- 
istered responses  on  a kymograph. 
The  taste  stimuli  were  glucose  (6% 
solution),  acid  milk,  sterile  water,  and 
five  dilutions  of  salt  solution  (.900, 
.450,  .300,  .225,  and  .200%).  The  con- 
trol solution  against  which  response  to 
these  tastes  was  compared  was  milk  at 
j 40  degrees  Centigrade . The  infant  was 
first  given  the  control  solution  for  10 


seconds,  then  the  experimental  mix- 
ture for  10  seconds,  and  finally  the 
control  solution  for  10  seconds.  In- 
fants were  tested  for  about  15  minutes 
before  and  after  each  regular  feeding 
period,  to  provide  data  on  effects  of 
hunger  and  satiation  on  taste. 

Four  distinct  patterns  of  sucking 
behavior  were  classified  by  Jensen:  (1) 
sucking  occurs  for  a few  seconds,  fol- 
lowed by  a short  break  after  which 
sucking  is  resumed,  (2)  continuous 
sucking  with  varying  pressures,  (3) 
initial  sucking,  followed  by  a pause  or 
an  amplitude  decrease,  then  resump- 
tion of  sucking,  followed  by  other 
manifestations  of  variability,  and  (4) 
found  most  frequently,  persistent 
sucking  for  an  interval  of  from  three 
to  twelve  seconds.  These  four  types  of 
reactions  are  rated  coincidentally  with 
the  administration  of  the  experimen- 
tal or  control  solutions,  with  the  nip- 
ple remaining  in  the  infant’s  mouth. 

All  fourteen  infants  tested  failed 
to  show  a reaction  to  the  .200%  salt 
solution,  one  showed  it  to  the  .225% 
solution,  and  six  to  the  .300%  solu- 
tion. On  the  other  hand,  only  three 
failed  to  respond  differentially  to  the 
.450%  solution,  and  only  one  to  the 
.900%  solution. 

When  differential  reactions  oc- 
curred, 95%  of  the  time  they  were 
without  marked  facial  expressions. 
When  a facial  change  did  occur  it  was 
always  accompanied  by  a differential 
sucking  response.  Jensen  observed 
that  there  were  large  individual  dif- 
ferences in  taste  thresholds,  as  can  be 
noted  from  the  proportions  of  sub- 
jects responding  to  the  graded  salt 
solutions,  and  that  the  thresholds  for 
the  same  infant  tended  to  remain 
constant  throughout  the  period  of 
experimentation.  The  differential 
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reactions  secured  were  not  of  an  all- 
or-none  character,  but  proved  to  be 
gradual  deviations  from  the  control- 
period  solution,  being  more  marked 
when  the  temperatures  of  the  ex- 
perimental solutions  were  raised  or 
lowered  relative  to  the  control 
solution. 

Jensen  noted  that  vigorous  avoid- 
ance movements  were  made,  and  cry- 
ing occurred,  when  the  salt  solution 
was  less  diluted.  Interesting  also  was 
the  observation  that  the  moderately 
satiated  baby  was  a better  dis- 
criminator of  taste  than  the  very  hun- 
gry infant.  Only  salt  solutions  among 
the  gustatory  stimuli,  moreover,  im- 
paired or  caused  cessation  of  the  suck- 
ing response.  This  finding  has  its 
modern  counterpart  in  the  work 
of  Crook  (See  pp.  210). 

Using  taste  applicators  similar 
to  those  of  Pratt,  Nelson,  and  Sun, 
Shirley  observed  facial  and  bodily 
reactions  of  14  newborns  to  bitter, 
salt,  sour,  and  sweet  stimuli.  She  re- 
ported that  reactions  to  the  first  three 
were  mainly  those  of  rejection,  indi- 
cated by  turning  the  head  from  side 
to  side,  making  a wry  face,  crying  or 
fussing,  pushing  the  applicator  out  of 
the  mouth  with  the  tongue,  or  waving 
the  arms  with  the  effect  of  removing 
the  applicator  from  the  vicinity  of  the 
mouth.  Twelve  of  the  fourteen  in- 
fants from  one  to  fourteen  days  of  age 
were  reported  to  suck  contentedly  on 
the  sweet  applicator,  with  some  facial 
reactions  present. 

Sonohara  used  the  recorded 
sucking  response  as  a measure  and 
found  that  infants  responded  from 
the  first  day  to  a saccharin  solution 
with  sucking  motions.  Initially, 
Sonohara  says,  the  threshold  is  con- 
siderably higher  than  that  of  adults. 


but  an  approach  to  the  adult 
threshold  occurs  by  seven  days  of  age. 
Sonohara  observed  that  sucking  to 
saccharin  will  occur  when  the  infant  is 
drowsy  but  not  during  sleep,  an  ob- 
servation counter  to  that  of  most 
neonate  researchers,  who  do  not  re- 
port failure  to  suck  during  apparent 
sleep. 

Stirnimann  reported  a detailed 
description  of  observations  on  100 
neonates  (including  7 prematures). 
The  gustatory  solutions  were  applied 
to  the  tongue  by  means  of  a nipple- 
shaped cotton  piece.  From  birth,  taste 
reactions  to  sugar  were  observed  in  all 
subjects,  and  Stirnimann  reported 
that  there  were  reactions  correspond- 
ing to  the  four  principal  taste  sensa- 
tions. These  reactions  were  rather 
variable,  however,  and  included  suck- 
ing responses,  attempts  to  approach 
or  retreat,  gestures,  and  crying.  Suck- 
ing responses  followed  not  only  stimu- 
lations with  sugar,  but  also  those  with 
salt,  citric  acid,  and  quinine.  Dis- 
criminative mimetic  reactions  were 
occasionally  observed.  Infants  were 
noted  to  react  more  vigorously  to  a 
7%  saccharin  solution  than  to  a 7% 
lactose  solution,  more  vigorously  to  a 
16%  solution  of  lactose  than  to  the 
weaker  7%  lactose  solution.  No  dif- 
ferential responses  were  found 
among  .9,  1.5,  and  2.0%  salt  solutions. 
Stirnimann  noted  that  infants  some- 
times cry  when  sugar-soaked  ap- 
plicators are  removed  from  their 
mouths. 

Up  to  the  end  of  this  review,  the 
results  of  different  investigators  show 
that  no  method  has  yet  been  de- 
veloped making  possible  unequivocal 
statements  as  to  the  gustatory  sense  in 
neonates.  It  is  still  uncertain  whether 
the  newborn  infant  accurately  differ- 
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i 

f entiates  all  four  taste  qualities.  The 
! evidence  does  indicate,  however,  that 
j infants  give  a positive  reaction  to 
;|  sweet,  and  that  salt,  sour,  and  bitter 
i|  may  give  negative  reactions.  It  ap- 
! pears  that  salt  solutions  tend  to  inter- 
ii  rupt  the  sucking  response,  whereas 
|:  sugar  solutions  evoke  and  sustain  it. 

I Acid  solutions  to  a lesser  degree  elicit 
sucking,  and  quinine  solutions  seldom 
do.  Facial  reactions  mimetic  of  “dis- 
satisfaction” are  most  conspicuous  to 
quinine.  Generally,  respiration  and 
I circulation  are  least  influenced  by 
j “sweet,”  slightly  disturbed  by  “salt,” 

I and  considerably  affected  by  “sour” 
and  “bitter.”  Interpretation  of  data 
j from  neonatal  taste  experiments  is 
complicated  by  the  fact  that  almost 
any  stimulation  of  the  oral  cavity  and 


lips  will  evoke  sucking  behavior.  It 
appears  that  a procedure  for  assess- 
ment of  taste  reactions  will  be  most 
suitable  if  the  delivery  of  the  gusta- 
tory stimulus  is  through  a suck- 
inducing  nipple  placed  and  maintained 
in  the  infant’s  mouth  through- 
out the  testing  period.  Taste  and 
palatability  might  then  be  phrased  in 
terms  of  a suppression  ratio,  cast  as  a 
proportion  relative  to  the  amount  of 
sucking  obtained  to  an  optimizing  taste 
stimulus  (e.g.,  10%  sucrose)  and  an 
optimizing  nipple  (e.g.,  a commercial 
nipple  approximating  the  mammary 
apparatus  of  the  maternal  delegate  of 
homo  sapiens).  First  we  must  find  out 
what  the  sweet  taste  does,  to  man  and 
child. 


SWEETNESS  MAKES  THE  HEART  GO  FASTER 


i As  may  be  discerned  from  the 
’ foregoing  historical  presentation  of 

I infant  studies  of  gustation,  most  of 
the  empirical  attention  to  date  has 
been  in  answer  to  the  question  of 
whether  very  young  infants  can  sense 
and  discriminate  different  taste 
stimuli.  The  indicants  of  such  sensory 
reception  and  differentiation  have  in- 
volved typically  some  aspect  of  suck- 
ing (mouthing)  behavior,  sometimes 
coincident  with  facial  expressions. 
Even  recent  studies  such  as  those  of 
Steiner, Weiffenbach  and  Thach,^^ 
i|i  Mailer  and  Desor,^®  and  Nowlis 
I capitalize  largely  upon  oral  action 
I (tongue  movement,  swallowing,  di- 
I'  verse  lip  responses,  and.  so  on)  to 
document  the  “reception”  which 
greets  the  introduction  of  chemicals 
I into  the  oral  orifice.  After  having 
Ij  been  regarded  so  many  years  as  a “dry 
'!  behaviorist”  (one  who  looks  mostly  at 

ii 


stimulus-response  and  response- 
reinforcement  connections  and  al- 
legedly forgets  to  honor  the  “whole 
child”),  I take  pleasure  in  reminding 
this  group  of  oral  symposiasts  that 
there  is  more  to  a newborn  than  the 
mouth!  I will  speak  about  sucking  be- 
havior in  relation  to  sweetness,  but  an 
important  part  of  the  message  will  be 
that  sweetness  makes  the  heart  go  fas- 
ter despite  the  fact  that,  at  least  up  to 
a certain  point,  increased  sweetness 
has  the  seemingly  paradoxical  effect 
of  slowing  down  the  sucking  behavior. 
The  rest  of  my  presentation  will 
elaborate  on  this. 

In  my  neonatal  behavior  laboratory 
at  the  Women  and  Infants  Hospital  of 
Rhode  Island,  our  procedure  has 
been  to  study  the  baby  in  a special 
testing  crib  housed  in  a sound- 
attenuated  cubicle  within  the  labora- 
tory. We  are  presently  carrying  out  a 
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series  of  sensory  and  learning  studies 
in  infants  from  birth  to  four  days  of 
age,  in  an  effort  to  document  the  full 
sensory  repertoire  of  the  normal 
newborn  child,  to  gain  an  understand- 
ing of  the  extent  to  which  the  baby’s 
behavior  may  be  modified  by  experi- 
ential circumstances  and,  eventually, 
to  devise  techniques  that  may  yield 
better  discriminations  of  the  stressed 
or  high-risk  child  than  presently  exist. 
Among  the  various  conditions  of  test- 
ing which  we  utilize,  an  automatic 
nipple  device  enables  us  to  obtain  a 
polygraphic  record  of  the  baby’s  suck- 
ing activity,  sometimes  over  several 
days  and  sometimes  utilizing  different 
tastants  in  order  to  observe  sucking 
and  other  organismic  changes  which 
occur  under  conditions  of  differential 
oral  stimulation.  The  special  sucking 
apparatus,  which  was  built  in  our 
laboratory  enables  a response- 
activated  pump  to  deliver  into  the  in- 
fant’s mouth  whichever  of  two  differ- 
ent fluids  we  wish  to  make  available. 
The  automatic  nipple  and  its  ancillary 
equipment  delivers  fluid  into  the 
baby’s  mouth  contingent  upon  the 
baby’s  own  sucking  behavior.  We  usu- 
ally arrange,  as  in  the  studies  I report 
today,  that  one  drop  of  fluid  is  ejected 
into  the  baby’s  mouth  for  each  suck 
that  the  baby  makes.  The  fluid  is  of  a 
constant  amount  (.02  ml)  on  each  de- 
livery. Fluid-sucking  conditions  can 
be  compared  with  a non-fluid  or  dry 
(pacifier)  sucking  condition. 

While  we  are  recording  the  baby’s 
sucking  activity,  a pneumobelt  placed 
around  the  abdomen  provides  a 
simultaneous  recording  of  respira- 
tion, and  chest  electrodes  provide  a 
continuous  recording  of  the  baby’s 
heart  rate.  (See  Figure  9-1)  Signals 
from  all  of  these  pick-up  devices  are 


Figure  9-1.  Two-day-old  infant  with  heart  ; 
rate  electrodes  attached  (two  on  chest,  and  | 
the  indifferent  electrode  on  right  leg),  [ 
pneumobelt  between  the  abdomen  and  chest,  j 
and  the  automatic  nipple  in  place. 

displayed  on  a polygraph  outside  the  i 
testing  cubicle.  The  heartbeat  is  trans- 
formed for  easier  quantification  by  a 
cardiotachometer  which  also  provides 
a write-out  record  on  the  polygraph. 

At  the  same  time,  a computer  picks  up 
the  information  deriving  from  the  au-  I 
tomatic  nipple  and  creates  a fre- 
quency distribution  of  inter-suck  i 

intervals  (that  is,  sucking  response 
rate)  for  each  child  under  each  condi- 
tion of  testing.  Such  measures  as  ' 
number  of  sucks  per  burst,  number  of 
inter-burst  intervals,  number  of  sucks  i : 
per  minute,  mean  inter-suck  interval,  f 
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j and  so  on  are  easily  derived  by 
the  computer  from  the  inter-suck 
intervals. 

Figure  9-2  shows  a polygraph  rec- 
ord from  a two-day-old  child.  The 
baby’s  sucking  activity,  along  with 
respiration  and  heart  activity  are 
clearly  seen,  as  is  the  cardiotachome- 
ter  transformation.  The  baby  is  seen 
doing  what  newborns  characteristi- 
cally do  when  sucking  on  a nipple 
that,  as  in  this  case,  yields  no  fluid, 
They  suck  in  bursts  or  clusters  of  sucks 
separated  by  pauses  of  several  seconds 
duration.  Newborns  are  remarkably 


stable,  even  from  day  to  day  but  espe- 
cially under  no-fluid  sucking  condi- 
tions, with  respect  to  the  number  of 
sucks  that  they  invest  in  each  burst  and 
the  length  of  the  “rests”  that  they  take 
between  bursts. 

Although  under  a given  condition 
such  as  when  sucking  for  no  fluid  or 
when  sucking  for  10%  sucrose,  in- 
fants are  remarkably  stable  with  re- 
spect to  these  sucking  parameters, 
nonetheless  the  number  of  sucks  that 
infants  invest  in  a burst  is  influenced 
enormously  by  the  sweetness  of  the 
fluid.  The  sweeter  the  fluid,  the 
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Figure  9-2.  Sucking,  heart  rate  and  respiration  polygraph  record  of  a 2-day-old 
female  during  a 56-sec  testing  period  under  a no-fluid  condition.  The  cardio- 
tachometer  provides  an  electronic  read-out  of  the  interbeat  interval  transformed 
into  beat- by-beat  heart  rate.  The  highest  heart  rate  during  this  segment  is  144 
bpm.  Sucking  occurs  in  bursts  separated  by  short  rests.  Respiration  is  regular. 
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greater  will  be  the  length  of  the  suck- 
ing burst.  Moreover,  the  sweeter  the 
fluid  the  shorter  will  be  the  rest  inter- 
vals between  those  bursts.  Interest- 
ingly, increased  sweetness  of  the  fluid 
for  which  the  infant  is  sucking  slows 
down  the  sucking  rate  within  the 
burst  even  while  increasing  the  tem- 
poral duration  of  the  burst  and  the 
number  of  sucks  invested  in  it.  Quan- 
titative expressions  of  these  general- 
ities will  be  provided  shortly. 

Of  especial  interest  is  an  apparently 
paradoxical  effect  which  we  have  now 
obtained  in  a variety  of  circumstances 
and  over  several  replications.  While 
the  sucking  rate  decreases  with  in- 
creasing sweetness,  the  heart  rate  goes 
to  and  remains  at  a higher  level  for 
the  duration  of  the  sucking  burst.  The 
phenomenon  cannot  be  related  easily 
to  ingestion  or  changes  in  blood-sugar 
levels,  for  the  heart  rate  increase  oc- 
curs even  in  the  very  first  burst  upon 
switching  an  infant  from,  for  exam- 
ple, plain  distilled  water  to  10% 
sucrose.  Indeed,  the  heart  rate 
change,  like  the  switch  in  sucking  rate, 
usually  occurs  within  the  first  few 
sucks  of  the  burst  in  which  the  sucrose 
is  introduced. 

It  may  be  noted  in  passing,  from 
Figure  9-2,  that  newborn  respiration 
is  remarkably  unaffected  by  the  suck- 
ing activity  of  a baby,  at  least  under 
conditions  of  no-fluid  sucking.  Al- 
though our  records  of  infants  sucking 
for  fluid  delivery  indicate  momentary 
respiratory  interruptions  coincident 
with  observable  swallowing  motions 
(about  every  four  to  six  respiration 
cycles,  under  our  small-amount  con- 
ditions of  fluid  delivery),  the  res- 
piratory cycling  is  remarkably  resis- 
tant to  disruption  by  sucking.  It  is 
very  difficult,  if  not  impossible,  for  an 


adult  to  replicate  or  imitate  the  new- 
born’s sucking  and  respiration  be- 
havior in  this  regard. 

Figure  9-3  shows  a comparable 
polygraph  record  of  the  baby  now 
sucking  for  15%  sucrose.  The  baby 
may  be  observed  investing  more  sucks 
per  burst  and  is  now  taking  shorter 
rest  periods.  Despite  the  slower  suck- 
ing rate,  the  infant’s  heart  rate  has 
climbed  to  a higher  level  than  in  the 
previous  figure. 

Figure  9-4  presents  the  data  of 
three  groups  of  subjects  from  a thesis 
by  Kobre.^^  Groups  of  five  subjects 
were  compared.  One  group  received 
a 15%  sucrose  solution  contingent  on 
its  sucking  behavior,  another  received 
plain  distilled  water,  and  a third  ob- 
tained no  fluid  at  all  for  sucking.  All 
three  groups  were  tested  over  a 20- 
minute  session.  The  inter-suck  inter- 
vals were  cast  by  the  computer  into 
100  msec  bins,  and  frequency  poly- 
gons were  drawn  for  each  group.  As 
can  be  noted,  there  is  a progressive 
shift  of  the  distributions  in  going 
from  no-fluid  sucking  to  water- 
sucking to  sucrose-sucking,  such  that 
sucking  rate  within  bursts  slows  down 
as  sweetness  increases.  The  computer 
separately  cast  all  inter-suck  intervals 
greater  than  two  seconds,  thus  defin- 
ing a burst  as  a series  of  sucks  all  of 
which  have  inter-suck  intervals  less 
than  two  seconds,  with  the  boundaries 
(that  is,  the  beginning  and  end)  of  the 
burst  demarcated  by  an  interval  of 
two  seconds  or  more.  The  data  of 
Figure  9-4  are  sucking  rates  and  fre- 
quencies for  all  sucks  involving  inter- 
vals of  less  than  2,000  msecs  in  the 
20-minute  testing  period. 

Another  study  that  reflects  on  the 
relation  of  parameters  of  sucking  to 
heart  rate  comes  from  a 24- hour  test- 


Taste  Effects  on  Sucking  and  Heart  Rate 


135 


Sucking 


Figure  9-3.  Polygraph  record  of  same  infant  as  in  Figure  9-2,  six  minutes  later 
under  a 15%  sucrose-sucking  condition.  Respiration  is  less  regular,  and  heart 
rate  higher  and  less  variable.  Highest  heart  rate  during  this  period  is  158  bpm, 
compared  with  144  bpm  during  no-fluid  sucking,  even  though  sucking  is  slower. 

The  same  number  of  sucks  (55)  is  nonetheless  emitted  during  this  period.  Rest 
periods  are  less  frequent  during  fluid-sucking.  The  larger  blips  superimposed 
on  the  digital  sucking  record  are  swallowing  movements  palpated  at  the  neck, 
and  coincide  with  observable  disruptions  in  respiration. 

recorded  the  sucking  behavior,  respi- 
ration, and  heart  rate  of  44  newborns, 
usually  beginning  in  their  second  day 
of  life.  Infants  were  brought  back  to 
the  laboratory  24  hours  later  for  an 
identical  regimen  of  stimulus  admin- 
istration and  response  recording.  As 
part  of  the  rather  extensive  be- 
havioral testing  done  on  each  of  these 
infants,  taking  approximately  an  hour 
for  the  complete  battery,  we  recorded 
six  minutes  of  sucking  under  no-fluid 
conditions,  followed  by  four  minutes 


retest  investigation.^^  This  study  * is 
part  of  a larger  longitudinal  study 
exploring  the  possible  relationships 
of  neonatal  behavioral  and  psycho- 
physiological  indices  to  later  physical 
and  psychological  attributes.  We  first 


* The  study  was  conducted  at  Women  and  Infants 
Hospital  of  Rhode  Island.  The  author  is  indebted  to  the 
medical,  nursing,  and  administrative  staff  for  their  coop- 
eration over  many  years,  and  also,  of  course,  to  the 
mothers  (and,  often,  the  fathers)  who  were  sufficiently 
convinced  of  the  value  of  our  studies  to  volunteer  par- 
ticipation of  their  infants.  The  research  has  been  sup- 
ported by  USPHS  Research  Grant  HD  03911. 
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Figure  9-4.  The  mean  number  of  intervals 
(IRTs)  as  a function  of  IRTs  in  100  msec  bins 
for  the  group  receiving  sucrose  throughout, 
the  group  receiving  water  throughout,  and 
that  receiving  no  fluid  at  all.  Each  curve  rep- 
resents the  combined  IRT  distribution  for 
five  subjects  in  a group  over  the  twenty  minute 
session. 

of  sucking  under  a 15%  sucrose  suck- 
ing condition.  This  enabled  us  to 
compare  each  baby’s  resting  heart 


rate  with  its  heart  rate  during  non- 
nutritive sucking,  and  then  during 
sucrose-sucking.  Five  measures  of 
sucking  were  derived  for  each  infant 
on  each  day  to  assess  the  day-to-day 
stability  of  the  various  sucking  pa- 
rameters. The  stability  of  measures  of 
respiratory  and  heart  rates  was  as- 
sessed in  a similar  manner. 

Table  9-1  presents  the  five  sucking- 
parameter  means  and  standard 
deviations,  for  both  days,  under  the 
no-fluid  and  the  15%  sucrose  condi- 
tions, along  with  the  Day  1 to  Day  2 
correlation  coefficients  and  probabil- 
ity levels  for  each  of  the  parameters. 
For  example,  it  may  be  noted  that 
under  no-fluid  sucking  conditions  the 
typical  number  of  responses  invested 
per  burst  is  approximately  11  to 
13,  while  the  comparable  figures  for 
that  parameter  under  15%  sucrose 
sucking  conditions  are  about  24  to  30. 
Similarly  both  modal  and  mean  inter- 
response times  (IRTs)  are  shorter  (that 
is,  rates  are  faster)  under  the  no-fluid 


TABLE  9-1 


COMPARISON  OF  THE  MEANS  (2-MIN  UNITS)  OF  FIVE  SUCKING  PARAMETERS 
UNDER  NO-FLUID  AND  SUCROSE-SUCKING  CONDITIONS  OVER  A TWO-DAY 

PERIOD 


Parameter 

Day  I 

Day  2 

Day  1 /Day  2 

Mean 

SD 

Mean 

SD 

r 

P' 

No-fluid  sucking  (N=41) 

Total  responses 

88.3 

23.2 

96.6 

30.9 

.62 

.001 

IRTs  > 2"  (rests) 

8.1 

2.6 

8.7 

2.8 

.65 

.001 

Responses/burst 

12.9 

15.5 

11.2 

6.1 

.79 

.001 

Mode  IRT 

620.3 

99<0 

572.8 

61.9 

.2,1 

.05 

Mean  IRT 

657.8 

81.7 

611.9 

56.0 

.42 

.01 

15%  sucrose 

sucking  (N=40) 

Total  responses 

103.0 

28.2 

106.2 

27.6 

.08 

IRTs  > 2"  (rests) 

5.3 

2.7 

5.9 

3.5 

.13 

Resjtonse  s/burst 

29.7 

34.2 

24.2 

21.7 

.03 

Mode  IR  T 

838.1 

109.9 

771.3 

115.7 

.63 

.001 

Mean  IRT 

855.8 

105.3 

786.9 

85.8 

.71 

.001 
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I than  under  the  15%  sucrose  sucking 
condition,  replicating  the  IRT  data 
previously  presented. 

Next  we  may  turn  to  the  heart  rate 
data.  Table  9-11  shows  the  infants’ 
i heart  rates  during  a no-sucking  rest 
! period  in  relation  to  heart  rates  dur- 
I ing  no-fluid  sucking  and  sucrose- 
! sucking  on  each  day.  There  is  an  or- 
derly increase  in  heart  rate  from  rest 
to  pacifier-sucking  to  sucrose-sucking, 
with  a remarkably  high  rate  during 
sucking  for  sucrose.  The  correlation 
coefficients  relating  Day  1 to  Day  2 
heart  rates  show  that  infantile  heart 
rate  constitutes  a stable  individual  dif- 
ference variable,  but  most  particularly 
under  conditions  where  the  infants 
are  sucking  for  sucrose  (r=.7l, 
jf?<.001).  The  orderly  heart  rate  in- 
crease is  a significant  effect. Sweet- 
ness makes  the  heart  go  faster. 

1 should  like  to  refer  back  for  a 
moment  to  Table  9-1  which  shows  the 
correlation  coefficients  for  Day  1 with 
Day  2 measures  under  no-fluid  suck- 
ing and  sucrose-sucking  conditions.  It 
may  be  noted  there  that  the  most  sta- 
ble response  under  non-nutritive 
conditions  is  that  involving  the 
number  of  responses  invested  per 
burst,  with  r=.79.  That  particular  re- 


sponse happens  to  be  the  least  stable 
under  the  sucrose-sucking  condition. 
The  inversion  of  correlation  mag- 
nitude from  one  condition  to  the 
other  is  essentially  perfect.  The  most 
stable  day-to-day  measures  under 
sucrose-sucking  are  the  least  stable 
under  no-fluid  sucking.  Thus,  if  one 
wants  to  fully  investigate  the  stability 
of  individual  differences  in  newborn 
sucking,  it  seems  that  one  ought  to 
test  the  baby  under  both  non-nutritive 
and  at  least  one  sucrose-sucking  con- 
dition. To  indulge  in  a bit  of  theoreti- 
cal reverie,  perhaps  it  is  not  far  from 
correct  to  assume  that  the  responses 
per  burst  measure  is  a high-reliability 
measure  of  the  congenital,  tactu- 
ally stimulated  sucking  response.  That 
particular  response  parameter,  how- 
ever, becomes  displaced  in  importance 
when  taste  experience  is  introduced, 
i.e.,  upon  introduction  of  a sucrose 
solution  into  the  mouth  contingent 
upon  that  sucking  behavior.  Here  the 
measure  of  sucking  rate  within  bursts, 
indexed  by  the  mean  and  modal  IRT, 
displaces  the  number  of  responses  meas- 
ure in  importance  and  stability.  Suck- 
ing rate  goes  down  to  a low  but  stable 
level,  and  heart  rate  goes  up  very  high 
from  about  124  bpm  to  146  bpm,  a 


TABLE  9-II 

BASAL  HEART  RATE  IN  BEATS  PER  MINUTE  COMPARED  WITH  HEART  RATE 
WHEN  SUCKING  EITHER  FOR  NO  FLUID  OR  SUCROSE  AND  CORRELATION 
COEFFICIENTS  RELATING  DAY  I AND  DAY  2 RATES 


Day  1 

Day  2 

Day  1 iDay  2 

Combined 

Mean 

SD 

Mean 

SD 

r 

P 

Mean 

SD 

During  rest 
(N  = 44) 

113.8  16.7 

118.7 

18.1 

.29 

<.05 

116.3 

14.2 

During  no-fluid 
sucking  (N  = 

40) 

124.0 

14.5 

123.4 

13.6 

.46 

<.01 

123.8 

12.2 

During  sucrose- 
sucking (N  = 

39) 

145.7 

15.5 

147.4 

12.3 

.71 

<.001 

146.6 

13.1 
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level  which  is  also  very  stable  (r=.7l) 
under  the  sucrose-sucking  condition 
(see  Table  9-II).  The  temptation  is  to 
conclude  anthropomorphically  that 
when  sucrose  is  introduced,  rate  slows 
down  to  enable  savoring  of  the  tastant, 
and  the  heart  rate  goes  up  to  signal  the 
joy  that  the  infant  thus  derives  from 
this  “pleasure  of  sensation.” 

All  sensations,  even  of  the  newborn, 
are,  of  course,  not  pleasant.  This  is  of 
special  note  in  relation  to  feeding  in 
the  neonate,  for  as  shown  in  the  his- 
torical section  of  this  paper,  aversive 
tastants  have  been  studied  by  numer- 
ous investigators.  The  human  new- 
born is  a stimulus-rejector  as  well  as  a 
stimulus-assenter. 

An  interesting  aspect  of  the  act  of 
feeding  in  the  newborn  is  that  the 
very  act  of  feeding,  especially  breast- 
feeding, sometimes  results  in  the  in- 
advertent occlusion  of  both  respira- 
tory passages:  the  mouth,  because  a 
pressure  seal  is  generally  required 
and  almost  always  effected  by  the 
baby  in  obtaining  the  milk;  and  the 
nostrils,  because  they  are  there.  In  the 
natural  course  of  feeding,  infants  are 
often  fortuitously  and  momentarily 
“smothered.”  This  is  signalled  by  an 
obvious  aversive  reaction  (more  vig- 
orous in  some  than  others),  including 
head  waving  to  and  fro,  arm-action, 
facial  vaso-dilation,  and  crying.  The 
objection,  in  infants  who  oppose  the 
obstruction,  is  strenuous  and  pro- 
found (Gunther  ®’®).  Mothers  some- 
times reflect,  following  such  feeds  in 
which  things  have  not  gone  well,  that 
their  babies  do  not  like  them.  This 
can,  of  course,  lead  to  a reciprocating 
anxiety  or  rejection-response  in  the 
mother. 

While  extensive  consideration  of 
this  sequence  of  events  is  beyond  the 


scope  of  this  paper,  the  occurrence  of 
such  a behavior  pattern,  because  it  is 
associated  with  the  mouth  and  with 
feeding,  should  be  acknowledged, 
particularly  since  it  has  been  pre- 
sumed (by  Gunther  among  others) 
that  early  experiences  of  this  sort  may 
influence  the  effectiveness  of  later 
feedings.  Moreover,  it  has  been 
suggested  (Lipsitt,^®  p.  168)  that  such 
behavior  when  it  occurs  may  be  one  of 
the  earlier  manifestations  of  infant 
operant  conditioning. 

I wish  to  conclude  by  calling  atten- 
tion to  a primitive  experiential  effect, 
apparently  of  taste,  upon  the  sucking 
behavior  of  the  newborn  child. The 
data  are  actually  from  the  same  sub- 
jects as  those  from  whom  the  fre- 
quency polygons  for  inter-suck  inter- 
vals were  drawn  earlier  in  my  presen- 
tation.^^ In  that  study,  in  addition  to 
the  groups  which  got  either  sucrose, 
distilled  water,  or  no  fluid  throughout 
a 20-minute  testing  period,  there 
were  two  other  groups,  both  of  which 
were  alternated  at  5- minute  intervals 
between  one  condition  and  the  other. 
In  Figure  9-5  are  shown  the  data  of 
three  groups  of  this  experiment.  One 
of  them  is  the  group  that  got  sucrose 
administered  for  the  20- minute  long 
period,  one  .02  ml  drop  of  fluid  for 
each  suck,  and  another  group  which 
got  water,  one  drop  for  one  suck, 
throughout  the  same  period.  It  can  be 
seen  that  both  the  sucrose  group  and 
the  water  group  maintained  a stable 
level  of  sucking,  in  terms  here  of 
numbers  of  sucks  per  minute,  with 
the  sucrose  group  emitting  slightly 
more  sucks  per  minute  than  the  water 
group. 

Note  now  the  behavior  of  the  third 
group,  which  was  alternated  between 
sucrose  and  water,  such  that  they 


139 


Taste  Effects  on  Sucking  and  Heart  Rate 


I 


Figure  9-5.  Mean  sucking  rate  over  four 
5-min  blocks  for  each  of  three  groups,  one 
receiving  15%  sucrose  throughout,  one  re- 
ceiving water  throughout,  and  the  third  al- 
ternating sucrose-water-sucrose-water  in 
5-min  blocks.  The  newborn  infants  sucked 
less  for  contingently  administered  water 
when  it  followed  a period  of  contingent  su- 
crose presentation  than  when  it  followed  a 
comparable  period  of  water. 

received  sucrose  within  the  first  five 
minutes  contingent  upon  sucking, 


water  in  the  second  five  minutes,  su- 
crose in  the  third  five  minutes,  and 
water  in  the  fourth  five  minutes.  Dur- 
ing sucrose-sucking,  comparable 
numbers  of  sucks  were  invested  by  the 
alternated  subjects  relative  to  the 
sucrose-only  group.  During  the  two 
five-minute  intervals  in  which  they 
were  required  to  suck  for  water,  how- 
ever, sucking  rate  fell  off  sharply,  an 
apparent  negative  contrast  effect  in- 
dicating that  the  water  was  not  as  at- 
tractive to  these  infants  following  su- 
crose experience  as  it  was  to  their  peers 
who  received  only  water  throughout. 
This  appears  to  be  an  early  effect  of 
experience,  perhaps  a rudimentary 
learning  phenomenon.  It  is  not  un- 
thinkable to  suppose  that  infants  who 
have  a variety  of  sensory  experiences 
within  the  first  days  and  months  of 
life  might  well  be  different  in  their 
later  exploratory  approaches  to  the 
sensory  world  and  in  their  apprecia- 
tion of  novel  experiences.  It  is  rather 
an  exciting  supposition  that  the  first 
days  of  the  human  being’s  life  are  not 
entirely  a waste  of  time. 
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Collier;  Does  milk  make  the  heart 
go  faster? 

Lipsitt:  We  don’t  know.  We  have 
some  beginning  evidence  from  a 
natural  feeding  situation  where  the 
mother  breast-feeds  the  baby  or  a 
nurse  feeds  the  baby  milk  from  a bot- 
tle. Patrick  Burke, ^ who  is  carrying 
out  this  work  in  my  laboratory,  some- 
times finds  that  the  heart  rate  goes 
down  sharply  when  the  fluid  pours 
into  the  infant’s  mouth.  A direct  com- 
parison with  the  automatic-nipple 
feeding  situation  which  I just  de- 
scribed, however,  is  unwarranted,  for 
in  the  automatic  situation  the  baby  is 
getting  a very  tiny  amount  of  fluid  for 
each  suck.  The  amount  of  fluid  which 
the  baby  self-administers  from  a bot- 
tle nipple  or  from  the  breast  is  often 
very  large,  and  the  oral  cavity  fills  up 
quickly.  It  seems  that  when  babies  get 
a large  amount  of  fluid  in  their 
mouths  contingent  upon  their  suck- 
ing, heart  rate  often  slows  down  dras- 
tically. I do  not  think  that  in  those 
instances  it  is  a result  of  taste.  My 
supposition,  entirely  tentative  at  the 
moment,  is  that  such  feeding-induced 
bradycardia  is  actually  a kind  of  fear 
response. 

Maller:  Are  there  other  things 
that  make  the  heart  beat  faster  besides 
the  sweet  taste? 

Lipsitt:  Well,  of  course,  if  you  star- 
tle the  baby — 

Maller:  No,  I am  talking  about 
taste. 

Lipsitt:  I see.  I don’t  know  that  we 
want  to  say  that  distilled  water  has  a 
taste,  but  when  the  baby  simply  sucks 


' Burke,  Patrick.  Effects  of  formula-  and  breast- 
feeding on  heart  rate,  sucking,  and  respiration  in  the 
newborn.  Unpublished  data.  1974. 


for  distilled  water,  the  heart  rate  goes 
higher  than  when  he  sucks  for  no 
fluid. 

Maller:  What  about  other  com- 
pounds like  salts? 

Lipsitt:  I just  don’t  know. 

Maller;  What  about  acceptable 
compounds  versus  aversive  ones? 

Lipsitt:  I just  can’t  give  you  any 
information  on  that.  We  are  just  get- 
ting into  the  aversive  stimulation  kind 
of  work  now.  I am  quite  certain  that  it 
will  turn  out  to  be  a complicated  mat- 
ter, with  heart  rate  acceleration  oc- 
curring to  some  types  of  stimulation 
and  heart  rate  deceleration  to  other 
types. 

Steiner:  What  physiological  expla- 
nation do  you  have  for  the  elevation 
of  heart  rate? 

Lipsitt:  I leave  that  to  the 

physiologists.  Perhaps  you  can  help 
with  that.  — I do  not  mean  to  slough 
off  that  question.  It  is  a very  impor- 
tant question.  I have  an  explanation, 
but  it  is  not  a physiological  explana- 
tion. I think  that  the  infant  slows 
down  its  sucking  rate  to  savor  the  sub- 
stance in  its  mouth.  The  increased 
savoriness  of  food  in  the  mouth  is  ex- 
citing. I think  it  is  a joy  response, 
realizing  that  that  is  not  very  good 
physiology. 

Johnson:  There  is  the  possibility  of 
another  explanation.  I noticed  that 
respiration  was  slower  and  more  dis- 
turbed during  sucrose  ingestion. 

Lipsitt:  Yes.  Perhaps  that  question 
can  be  held  in  mind  for  when  Dr. 
Crook  presents  his  findings.  You  will 
have  an  opportunity  to  see  more  of 
that  sort  of  thing  in  his  slides,  for  he 
will  show  you  parametric  data  based 
upon  several  dilutions  of  sweet.  When 
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the  baby  takes  fluid  into  its  mouth,  in  lating  hunger,  we  have  never  ex- 
contrast to  no-fluid  sucking,  there  is  ceeded  the  four-hour  routine,  so  the 
increased  respiratory  disruption,  but  I infants  are  never  terribly  hungry 
don’t  think  we  could  say,  on  the  basis  when  they  appear  in  our  experiments, 
of  information  we  have  right  now,  even  if  they  are  maximally  hungry  as 
that  increasing  the  sweetness  of  the  far  as  the  hospital  routine  is  con- 
fluid  disrupts  respiration  more.  cerned.  We  do  know,  on  the  basis  of 

Le  Magnen;  Have  you  tested  the  studies  by  former  colleagues  in  my 
effects  of  hunger  on  these  parame-  laboratory,  that  deprivation  does 
ters?  enhance  non-nutritive  sucking  rate, 

Lipsitt:  No,  we  have  not  done  that  and  that  there  is  a certain  “work  dec- 
yet.  We  are  testing  our  babies  midway  rement”  or  satiation  of  sucking  that 
between  two  feeds  right  now,  so  that  occurs  with  protracted  testing  of  suck^ 
they  are  “medium  hungry.’’  I can  say,  ing  behavior  within  a session,  but  a 
though,  that  we  have  done  other  work  great  deal  remains  yet  to  be  worked 
involving  sucking  and  other  eating-  out  as  to  the  role  of  sweetness  in  all  of 
related  responses  (such  as  head-  this.  It  would  be  interesting  to  know 
turning)  in  which  hunger  was  varied,  whether  increasing  sweetness  would 
and  this  had  no  effect  on  at  least  the  enhance  sucking  during  low- 
conditionability  of  the  newborn.  In  deprivation  conditions  or  after  suck- 
such  studies  as  we  have  run  manipu-  ing  decrement  due  to  fatigue. 


‘ Levin,  G.R.  and  Kaye,  H.  Nonnutritive  sucking  by 
human  neonates.  Child  Development,  35:749-758,  1964. 

^ Levin,  G.R.  and  Kaye,  H.  Work  decrement  and  rest 
recovery  during  non-nutritive  sucking  in  the  human 
ueon'dte.  Jmmeu  of  Experimental  ChiUl  Psychology,  3:  146- 
1.54,  1966. 
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An  earlier  study  ^ showed  that  the 
rate  of  sucking  of  two-day  old  infants 
varies  with  the  substance:  sucrose, 
glucose,  or  water.  These  results  were 
in  general  agreement  with  similar 
studies  measuring  volumes  of  in- 
take in  a feeding  situation  with  regu- 
lar nursing  bottles.  The  present  ex- 
periment was  performed  to  extend 
the  study  of  the  effect  of  order  of 
presentation  of  water  and  sugar.  In 
our  previous  study,  variation  in  order 
of  presentation  had  yielded  even 
larger  differences  in  sucking  rates 
than  the  variation  in  the  ingested  sub- 
stance. It  was  suspected  that  the  rein- 
forcing property,  presumably  sweet- 
ness in  this  case,  would  depend  on 
such  positive  and  negative  contrasts, 
(See  ref.  7)  as  when  changing  from 
water  to  sugar  and  vice  versa,  and  not 
solely  on  inherent  reinforcing  prop- 
erties of  the  substance  itself.  Based  on 
the  earlier  data,  glucose  at  a concen- 
tration of  0.15  M was  used  since  it 
seemed  to  be  average  in  sweetness 
and  also  yielded  typical  results  for 
sugar  as  compared  with  water. 

The  subjects  were  16  boys  and  16 
girls  who  were  full  term  single  birth 
infants,  ranging  in  age  from  one  to 
three  days.  All  of  them  had  been 
judged  to  be  normal  and  healthy  by 


their  pediatricians,  and  all  of  them 
were  tested  individually  in  the  hospi- 
tal with  the  consent  of  the  mother. 

The  substances  used  were  water 
and  0. 15  M glucose.  The  infants’  suck- 
ing was  observed  by  means  of  a mod- 
ified standard  nipple  designed  to  re- 
cord each  suck  and  deliver  0.02  ml 
fluid  per  suck,  controlled  by  Digi-Bits 
programmer  (See  ref.  7).  The  meas- 
ure was  the  number  of  sucks  per  min- 
ute recorded  on  a polygraph. 

All  infants  were  tested  between 
11:30  am  and  1:00  pm,  which  is 
half-way  between  the  infant’s  feeding 
periods.  There  were  four  experimen- 
tal groups,  two  of  them  having  been 
tested  in  the  previous  study In  this 
case  each  infant  was  tested  for  6 min- 
utes with  the  glucose  either  before  or 
after  testing  with  water  for  6 minutes. 
The  groups  added  for  the  purposes 
of  the  present  study  were  tested  for 
the  entire  12  minute  period  with 
either  water  or  glucose.  There  were 
eight  infants,  four  boys  and  four  girls 
in  each  of  these  four  groups,  and  each 
was  assigned  to  a group  at  random 
according  to  a schedule. 

Comparisons  of  the  results  for 
groups  which  switched  from  water  to 
glucose  and  vice  versa  with  the  groups 
that  were  presented  only  one  of  these 
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substances  revealed  no  statistical  evi- 
dence of  either  positive  or  negative 
contrast.  Figure  10-1  illustrates  the 
results.  The  group  that  received  0.15 
M glucose  for  the  entire  period  pro- 
vided results  nearly  identical  to  the 
group  that  received  this  sugar  con- 
centration before  water,  and  more 
crucially,  also  to  the  group  that  re- 
ceived the  sugar  after  water.  That  is, 
there  is  no  evidence  of  positive  con- 
trast. The  group  that  received  water 
throughout  had  a slightly  higher  rate 
of  sucking,  but  not  statistically  differ- 
ent from  the  comparable  groups  that 
switched  from  water  to  glucose  or  vice 
versa.  Only  the  difference  between 
water  and  glucose  was  significant 
(p<.005,  according  to  t-test).  Finally, 
there  is  only  an  indication  of  the  nega- 
tive contrast,  that  has  been  obtained 
in  other  studies  (See  ref.  7).  In  the 
present  experiment,  infants  receiving 
water  after  sugar  sucked  less,  but  not 
significantly  less,  for  water  than  those 
who  were  presented  it  throughout  the 
12-minute  period. 

These  results  reveal  a decrement 
over  time  but  no  differential  effect 
associated  with  changing  sapid  sub- 
stances mid-way  through  a feeding 
period.  The  preference  for  sweet  over 
water  appears  to  be  quite  reliable.  By 
comparison,  it  seems  that  taste  elicits 
more  definite  hedonic  reactions  than 
odors. However,  caution  must  be 
used  in  generalizing  about  an  infant’s 
hedonic  experiences.  One  should  not, 
as  seems  common,  assume  that  he  or 
she  has  preferences  similar  to  that  of 
an  adult.  For  example,  one  cannot 
predict  the  odor  preferences  of  young 


CONSECUTIVE  6 MIN.  PERIODS 

Figure  10-1.  Mean  number  of  sucks  per  min- 
ute as  a function  of  duration  of  sucking  for 
water  and  glucose  at  0.15  M. 

children  using  normative  data  ob- 
tained with  adult  observers.^’® 

Furthermore,  one  should  not  take 
for  granted  that  in  the  case  of  taste 
the  infant  has  a scale  of  preferences 
ranging  from  tastes  that  are  disliked 
through  the  point  of  neutrality  or  in- 
difference to  tastes,  such  as  the  sweet 
taste  of  sugar,  that  are  liked.  At  the 
present  time,  there  is  only  evidence 
that  infants  will  suck  more  the  sweeter 
the  substance.  It  has  not  been  demon- 
strated experimentally  that  he  or  she 
would  in  fact  stop  sucking  and  reject 
something  unpleasant  such  as  a bitter 
taste  (See  ref.  5).  The  presently  avail- 
able evidence  does  not  make  it  possi- 
ble to  reject  the  hypothesis  that,  for 
the  infant,  there  is  only  one  side  to  the 
hedonic  scale.  Judged  by  what  the  in- 
fant will  ingest,  all  tastes  may  be  liked. 
Or  is  it  the  case  that  no  taste  will  in- 
hibit sucking? 
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Chapter  11 


TASTE  AND  THE  TEMPORAL 
ORGANIZATION  OF  NEONATAL 
SUCKING 


C.  K.  Crook 


The  sucking  response  of  the  neo- 
nate has  been  a source  of  consider- 
able interest  to  child  psychologists.  It 
has  served  as  a dependent  variable  in 
experiments  concerned  with:  1)  learn- 
ing or  the  adaption  of  behavior  to 
environmental  contingencies, 2) 
sensory  skills, and  3)  social  in- 
teraction.® In  addition  to  its  value  for 
psychological  assessment  of  the  neo- 
nate, there  is  evidence  that  charac- 
teristics of  the  sucking  rhythm  also 
may  serve  to  identify  infants  at  risk 
and  thus  be  of  some  diagnostic 
signihcance.^^’®° 

Sucking  behavior  displays  a re- 
markable degree  of  sensory  motor 
coordination.  Positive  and  negative 
pressure  changes  are  generated  by 
the  activity  of  mouth,  tongue  and 
cheek  and  are  integrated  with  res- 
piratory and  swallowing  movements 
into  a smooth  rhythm.  It  is  this  very 
complexity  of  organization,  coupled 
with  the  potentiality  for  objective  re- 
cording, that  has  suggested  sucking  as 
a sensitive  dependent  variable  and 
encouraged  its  application  to  studies 
of  physiological  and  psychological 
functioning.  However,  examination 
of  this  literature  indicates  that  quan- 
tihcation  of  the  more  subtle  aspects  of 
this  behavior  remains  at  a fairly  primi- 


tive level — although  this,  in  part,  must 
be  because  the  associated  technical 
problems  are  great.  For  instance,  rela- 
tively little  attention  has  been  directed 
toward  isolating  the  variables  in- 
fluencing the  amplitude  of  pressure 
changes  generated  during  sucking. 
Neither  is  very  much  known  of  the 
variables  that  affect  the  frequency  of 
swallowing.  It  has  been  generally  the 
custom  to  record  sucking  as  a single, 
all-or-none  response.  Thus,  a record 
may  be  kept  of  the  number  of 
amplitude  peaks  or,  if  the  measuring 
device  is  also  equipped  to  deliver 
fluid  at  some  critical  response 
amplitude,  it  may  be  simply  the 
number  of  such  “criterion”  sucks  that 
is  recorded. 

It  is  likely  that  for  many  purposes, 
this  treatment  of  the  response  will 
prove  quite  adequate.  Many  studies 
that  have  simplified  the  sucking 
rhythm  in  this  way  have  then  gone  on 
to  take  total  number  of  responses  per 
unit  time  as  a dependent  variable. 
Where  this  has  been  the  practice,  the 
data  effectively  has  been  impover- 
ished yet  further,  for  such  measures 
of  response  rate  ignore  the  detailed 
temporal  organization  of  the,  now  di- 
gitized, sucking  rhythm.  Again  we 
may  suppose  that  many  aims  are  well 
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served  by  measurements  no  more 
sophisticated  than  the  enumeration  of 
responses  within  a given  period  of 
time.  However,  it  is  potentially  of 
interest  to  consider  how  changes  in 
response  rate  are  mediated  by 
changes  in  the  underlying  temporal 
organization  of  responding.  Indeed, 
at  least  one  study  has  demonstrated 
how  such  detailed  measures  of  the 
sucking  pattern  proved  sensitive  to 
the  effect  of  an  experimental  manipu- 
lation where  a simple  record  of  over- 
all response  rate  did  not. 

Wolff  referred  to  the  temporal 
organization  of  sucking  as  its  “micro- 
structure” and  he  has  also  expressed 
concern  that  relatively  little  attention 
has  been  directed  towards  its  elabora- 
tion. Although  a number  of  papers 
have  appeared  recently  that  serve  to 
rectify  this  omission,^’^  it  remains  true 
that  we  have  only  limited  knowledge 
of  how  the  serial  organization  of  suck- 
ing is  modified. 

An  earlier  study  by  Balint  is 
perhaps  the  first  to  give  detailed  con- 
sideration to  this  microstructure. 
Balint  recognized,  as  indeed  had  others 
before  him,  that  sucking  is  often  or- 
ganized as  a sequence  of  response 
bursts  separated  by  resting  periods  or 
pauses.  His  data  suggest  a distinction 
I shall  pursue  in  this  paper.  With  re- 
spect to  its  temporal  organization, 
sucking  can  be  analyzed  first  in  terms 
of  a coarse  structure  and  then  further  in 
terms  of  a fine  structure. 

The  consideration  of  coarse  struc- 
ture focuses  on  the  response  burst  as 
the  unit  of  analysis.  Within  a defined 
period,  we  can  describe  how  many  of 
such  bursts  occur,  what  is  their  aver- 
age length  and  what  is  the  average 
pause  duration  between  them.  Evi- 
dently, the  concept  of  a response 


burst  necessitates  a decision  as  to  the 
minimum  inter-suck  interval  that  will 
define  a pause.  This  problem  has 
been  discussed  by  Kaye.^® 

In  considering  fine  structure,  the 
temporal  separation  of  sucks  within 
bursts  is  taken  as  a unit  of  analysis.  It 
might  be  of  interest,  for  instance,  to 
examine  how  an  experimental  treat- 
ment affected  the  average  value  of 
such  inter- response  times  (IRTs)  or 
even  the  serial  distribution  of  IRTs 
within  bursts.  The  average  IRT  is,  of 
course,  essentially  a transformation  of 
the  within  burst,  or  “local”  response 
rate.  Balint  ^ referred  to  this  as  the 
“basic  frequency,”  Ni. 

Both  the  coarse  and  fine  structure 
of  sucking  is  known  to  be  affected  by 
whether  or  not  fluid  is  made  contin- 
gent upon  individual  sucks.  Non- 
nutritive sucking  has  a more  marked 
burst  and  pause  rhythm  than  nutri- 
tive sucking  and  IRTs  are  typically 
shorter.^®’^®  More  detailed  informa- 
tion concerning  how  the  quality  and 
quantity  of  response-contingent  fluid 
affects  the  organization  of  nutritive 
sucking  is  lacking.  The  study  reported 
here  examines  how  sucrose  solutions 
differing  in  concentration  modify  the 
sucking  pattern. 

Several  experiments  have  been  re- 
ported in  which  solutions  differing  in 
sweetness  have  been  compared  with 
respect  to  their  effects  upon  sucking. 
Dubignon  and  Campbell  have 
compared  sucking  for  a 5%  dextrose 
solution  with  milk  formula  bottle 
feeding  and  breast  feeding.  However, 
these  experiments  are  complicated  by 
the  fact  that  the  dextrose  was  deliv- 
ered only  after  every  tenth  suck.  Evi- 
dently, no  conclusions  about  the  ef- 
fects of  sweetness  per  se  could  be 
drawn  from  these  studies.  This  is  also 
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true  for  a similar  experiment  per- 
formed by  Kron,  Stein,  Goddard  and 
Phoenix.^® 

A more  systematic  approach  to  the 
question  of  sweet  taste  sensitivity  in 
newborn  infants  can  be  found  in  the 
work  of  Engen,  Lipsitt  and  Peck,^^ 
Desor,  Mailer  and  Turner  and 
Nisbett  and  Gurwitz.^^  In  these  experi- 
ments, sugar  solutions  of  various  con- 
centrations were  presented  to  groups 
of  newborns  and  the  total  quantity  of 
fluid  ingested,  or  the  total  number 
of  sucks  made,  was  recorded.  The  re- 


sults obtained  in  each  case  dem- 
onstrate discrimination  on  the  dimen- 
sion of  sweetness.  The  present  ex- 
periment extends  these  findings  by 
examining  how  changes  in  the  tem- 
poral organization  of  sucking  mediate 
the  differences  in  intake.  In  addition, 
this  experiment  uses  a range  of  su- 
crose concentrations  that  includes  a 
value  greater  than  any  used  previ- 
ously and  also  examines  the  effects  of 
the  sweetness  variable  across  the 
course  of  a longer  feeding  period. 


METHOD 


Subjects 

The  subjects  were  35  female  and  40 
male  infants  between  48  and  72  hours 
of  age.  Seven  additional  infants  were 
tested  but  rejected  from  the  study  for 
failing  to  satisfy  the  “baseline”  sucking 
criterion  described  below.  Subjects 
were  arbitrarily  allocated  to  one  of 
5 experimental  groups  and  tested 
between  11:30  a.m.  and  1 p.m.  The 
previous  feed  by  the  mother  had  oc- 
curred at  9 a.m.  All  subjects  were  bot- 
tle fed  during  their  normal  feedings. 

Apparatus 

The  feeding  apparatus  has  been 
described  in  detail  elsewhere  by 
DeLucia  ^ and  Kobre  and  Lipsitt.^® 
Sterile  polyethylene  tubes  were  pulled 
through  two  small  holes  punched  in  a 
standard  blank  Davol  nipple.  One  of 
these  tubes  ran  to  a transducer  that 
converted  negative  pressure  changes 
into  electrical  signals  that  were  sent  to 
one  amplifier  of  a polygraph  re- 
corder. The  amplifier  permitted  the 
experimenter  to  specify  an  amplitude 
criterion  that  defined  a suck.  Signals 


that  reached  this  criterion  were  sent 
in  the  form  of  pulses  to  solid  state 
programming  equipment.  In  this  way, 
a criterion  suck  activated  a timer 
which  then  pulsed  the  fluid  pump 
driver  causing  0.020  ml.  of  fluid  to  be 
delivered  through  the  second  tube  in- 
serted in  the  nipple. 

Each  criterion  suck  also  caused  a 
brief  tone  pulse  to  be  recorded  onto 
one  channel  of  a stereo  tape  recorder. 
The  tapes  were  later  played  back 
through  the  analog  channels  of  a PDF 
12  computer.  The  computer  recorded 
the  temporal  separation  of  these 
pulses  in  0.05  second  units  and  stored 
them  on  magnetic  tape  for  sub- 
sequent analysis.  Subjects  were  tested 
in  a crib  housed  in  a 6'  x 7'  x IT 
sound  attenuated  chamber.  Back- 
ground white  noise  was  played  into 
this  chamber  at  an  intensity  of  74  db 
as  determined  at  the  position  of  the 
infant’s  head. 

Procedure 

Individual  infants  were  brought  to 
the  laboratory  by  a nurse  who  at- 
tached electrodes  for  monitoring 
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heart  rate.  Each  subject  was  swaddled 
and  placed  on  his  left  side.  The  nip- 
ple, supported  by  a cushion,  was 
placed  in  the  subject’s  mouth. 

If,  upon  insertion  of  the  nipple,  the 
subject  failed  to  suck  at  once,  encour- 
agement was  given  by  gentle  stroking 
of  the  cheek.  Sucking  during  the  first 
2 minutes  did  not  result  in  the  deliv- 
ery of  fluid.  The  purpose  of  this 
period  was  to  enable  the  experi- 
menter to  calibrate  the  equipment 
and  establish  a sucking  amplitude 
criterion.  Adjustments  were  made  to 
the  sensitivity  of  the  amplifier  until 
sucks  were  causing  a full  5 cm.  deflec- 
tion of  the  pen.  The  amplitude  crite- 
rion for  recording  the  occurrence  of  a 
suck  was  fixed  at  a 2.5  cm.  pen  deflec- 
tion. Subjects  emitting  less  than  30 
sucks  in  this  period  (seven  subjects) 
were  eliminated  from  the  study. 

Sixty  subjects  were  arbitrarily  allo- 
cated to  four  groups  of  equal  size  dif- 


fering with  the  respect  to  the  fluid 
delivered  following  a criterion  suck. 
Group  15  received  a 15%  (0.44M) 
sucrose  solution.  Group  10  a 10%  so- 
lution (0.29M),  Group  5 a 5%  solution 
(0.15M),  and  Group  0 a 0%  solution 
(distilled  water).  An  additional  15  sub- 
jects were  allocated  to  a fifth  group 
(NN)  and  received  one  minute  of  5% 
sucrose  after  which  the  fluid  delivery 
mechanism  was  turned  off.  The  ex- 
perimental period  for  this  group  then 
began  and  subjects  were  allowed  to 
suck  non-nutrivitely. 

The  maximum  duration  of  the  ex- 
perimental period  was  20  minutes.  A 
session  could  be  terminated  early  if: 
1)  a period  of  3 minutes  elapsed  dur- 
ing which  no  sucking  occurred,  or  2) 
the  nipple  was  ejected  from  the 
mouth  more  than  once.  Following  the 
first  such  ejection  the  nipple  was 
gently  replaced. 


RESULTS 


Table  1 l-I  shows  how  session  dura- 
tions were  influenced  by  the  various 
experimental  conditions  and  gives, 
for  each  group,  the  number  of 
subjects  that  were  tested  for  the 
maximum  possible  period  of  20 
minutes. 


The  results  presented  below  de- 
scribing the  performance  of  the  four 
nutritive  groups  have  been  taken 
from  the  first  12  minutes  of  testing. 
All  subjects  remained  in  the  experi- 
ment for  at  least  this  length  of  time. 
Results  from  the  non-nutritive  group 


TABLE  ll-I 

MEAN  AND  MEDIAN  SESSION  LENGTHS  EOR  SUBJECTS  IN  EACH  OE  THE  EIVE 
EXPERIMENTAL  GROUPS  AND  NUMBER  OE  SUBJECTS  TESTED  EOR  THE 

MAXIMUM  OE  20  MINS. 


Group 

NN 

0 

5 

10 

15 

Mean  session  length 

12.3 

15.4 

19.2 

18.0 

18.5 

Median  session  length 
# of  Ss  tested  for  20' 

11.7 

17.3 

19.4 

19.0 

19.6 

6 

7 

14 

11 

14 
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MINUTES 

Figure  11-1.  Mean  number  of  responses  per 
minute  plotted  across  the  first  12  minutes  of 
the  feed  for  the  four  nutritive  groups. 

are  based  upon  only  the  first  4 min- 
utes of  testing  but  similarly  allow  the 
inclusion  of  all  Group  NN  subjects  for 
analysis. 

Total  amount  of  sucking 

Figure  1 1-1  shows  for  each  nutri- 
tive group  the  mean  number  of  sucks 
emitted  in  each  consecutive  minute  of 
the  feed.  An  analysis  of  variance  on 
this  data  gives  an  effect  of  concentra- 
tion that  is  signihcant  beyond  the  1% 
level  (F=6.9,  df=3/56)  and  a minutes 
effect  also  signihcant  beyond  this  level 


(F=5.8,  df=  1 1/616).  The  inversion  of 
Groups  10  and  15  should  be  noted. 

Time  units  of  one  minute  are  short, 
particularly,  for  a consideration  of  the 
detailed  temporal  organization  of  the 
sucking  rhythm  as  individual  bursts 
and  pauses  may  exceed  one  minute  in 
length.  Consequently,  within  session 
effects  were  assessed  by  dividing  the 
12  minutes  into  three  4 minute 
“periods.” 

In  the  top  diagram  of  Figure  1 1-2 
(R),  the  mean  number  of  responses 
emitted  in  a four  minute  period  by 
subjects  in  each  of  the  four  nutritive 
groups  is  shown.  Periods  is  the 
parameter  on  this  graph.  Thus,  a 
heavy  line  describes  the  function  dur- 
ing the  hrst  4 minutes,  a dashed  line 
during  the  second  4 minutes  and  a 
dotted  line  during  the  third  4 min- 
utes. This  convention  is  followed  in 
the  lower  diagram  showing  the  effect 
of  sucrose  concentration  on  the 
cumulative  pausing  time  (PT)  during 
successive  periods  of  the  feed.  For 
purposes  of  this  study,  a pause  was 
defined  as  any  inter-suck  interval 
greater  than  3 seconds.  Examination 
of  the  frequency  distributions  of  all 
inter-suck  intervals  greater  than  1 


TABLE  ll-II 

F— RATIOS  FOR  CONCENTRATION  PERIOD  AND  INTERACTION  EFFECTS  FROM 
ANALYSIS  OF  VARIANCE  FOR  SUCKING  PARAMETERS 


Parameter 

Concentration 

Periods 

Concentration  x Periods 

(df  =3156) 

(df  =21112) 

(df=  61112) 

Mean  number  of  responses  (R) 

g g*** 

73*** 

2.0 

Cumulative  pausing  time  (PT) 

j j 5*** 

9 

2.9* 

Inter-response  time  (IRT) 

4.3** 

3.8** 

1.5 

Inter-hurst  interval  (IBI) 

5.4** 

0.1 

0.9 

Number  of  bursts  (NB) 

7 9*** 

1.6 

zj,  9*** 

Number  of  responses  per  burst  (BL) 

7 9*** 

6.6** 

2.6* 

Note.s:  See  Figures  1 1-2  and  3 for  graphic  presentation  of  these  data 


**  = p<.{)\ 

***  =p<.()()l 
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second  suggested  that  this  was  a suit- 
able  choice.* 

ij  The  top  rows  of  Table  1 l-II  de- 
jl  scribe  the  results  of  an  analysis  of  var- 
j iance  performed  on  the  data  of  Fig- 
! ure  11-2.  The  effects  of  both  con- 
i centration  and  periods  are  highly  sig- 
: nificant.  A signihcant  interaction  term 

I for  the  PT  data  prompted  separate 
tests  on  main  effects  and  these  results 
are  given  in  the  top  row  of  Table  1 1- 
III.  The  concentration  effect  is  sig- 
nihcant in  all  three  periods  and 
j Groups  10  and  15  show  a signihcant 
j increase  in  PT  across  periods.  Al- 
though it  might  be  expected  that  the 
I R and  PT  functions  would  be  mirror 
|i  images,  such  an  outcome  will  depend 
on  whether  the  experimental  treat- 
ments differentially  modify  what  I 
I have  termed  the  hne  structure  of 
sucking — and  it  will  become  apparent 
that  they  do. 

Coarse  structure 

Figure  1 1-3  is  constructed  in  a simi- 
lar manner  to  Figure  1 1-2  and  illus- 
trates the  effects  of  sucrose  concentra- 
tion on  four  parameters  of  the  suck- 
ing rhythm  during  successive  periods 


*The  experimental  data  were  reanalysed  taking  a 5 
second  pause  criterion.  The  pattern  of  results  was  essen- 
tially identical  to  that  reported  here. 


Figure  1 1-2.  The  upper  diagram  shows  the 
mean  number  of  responses  made  as  a func- 
tion of  sucrose  concentration.  The  lower 
diagram  shows  the  mean  cumulative  pausing 
time  as  a function  of  sucrose  concentration. 
“Period”  is  the  parameter  in  both  diagrams. 
The  solid  line  referring  to  the  first  4 minutes 
of  the  feed,  the  dashed  line  the  second 
4 minutes,  and  the  dotted  line  the  third 
4 minutes. 


TABLE  ll-III 


F— RATIOS  FOR  THE  SEPARATE  CONCENTRATION  AND  PERIOD  MAIN 
EFFECTS  FOR  THE  SUCKING  PARAMETERS  THAT  YIELD  SIGNIFICANT 
CONCENTRATION  X PERIOD  INTERACTIONS. 


Parameter 

Period  (df  = 3156) 

Concentration  (df  = 

2H12) 

0% 

5%  10% 

15% 

1 

2 

3 

Cumulative  pausing  time  (PT) 

0.6 

0.8  6.3*** 

]^4  9*** 

0 4*** 

74*** 

Number  of  bursts  (NB) 

5.5** 

1.4  3.4* 

5.6** 

1.0 

2.4 

Number  of  responses  per  burst  (BL) 

0.1 

0.4  9.6*** 

4.1* 

12.5*** 

2.5 

2.2 

Notes  See  Table  11 — 11 
* = p<.05 

**  = p<.01 

***  = p<.001 

I 
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of  the  feed.  The  three  parameters  re- 
flecting coarse  structure  are:  1) 

number  of  bursts  (NB),  2)  burst 
length  or  the  mean  number  of  re- 
sponses per  burst  (BL),  and  3)  pause 
length  or  inter-burst  interval  (IBI). 
The  top  two  diagrams  in  Figure  1 1-3 
and  the  bottom  right  diagram  show 
group  means  for  these  parameters. 

The  results  of  analyses  of  variance 
on  these  data  are  given  in  Tables 
11-11  and  III.  Sucrose  concentration 
has  a significant  effect  upon  IBI, 
shorter  pauses  being  associated  with 
the  higher  concentrations.  However, 
for  a given  nutritive  condition,  IBIs 
do  not  change  across  the  three 
periods  considered.  For  both  the  NB 
and  BL  parameters  there  is  a signifi- 
cant concentration  x periods  inter- 
action. Reference  to  Table  II-III 
indicates  that  in  both  cases  the  con- 
centration variable  exerts  an  effect 
only  during  the  first  period.  During 
this  time  there  appear  to  be  fewer  and 
longer  bursts  associated  with  the 
higher  concentration  solutions.  Both 
Groups  10  and  15  demonstrate  a sig- 
nificant periods  effect  for  NB  and  BL. 
The  general  tendency  is  for  there  to  be 
more  but  shorter  bursts  as  the  session 
proceeds.  Subjects  in  Group  0 tend  to 
emit  fewer  bursts  later  in  the  session 
but  their  length  remains  stable. 

Fine  structure 

As  specified  above,  “fine  structure” 
refers  to  the  rates  of  responding 
within  bursts.  The  term  inter- 
response time  (IRT)  is  used  to  de- 
scribe the  time  between  two  sucks 
within  a burst.  Thus,  given  the  pres- 
ent definition  of  a pause  or  IBI,  no 
IRT  can  be  greater  than  3 seconds. 


The  bottom  left  diagram  of  Figure 
1 1-3  shows  the  effects  of  sucrose  con- 
centration upon  IRTs  during  the 
three  periods  of  the  experiment.  Ref- 
erence to  Table  1 l-II  indicates  that 
both  the  concentration  and  periods 
effects  are  significant.  The  IRTs  in- 
crease in  length  as  sucrose  concentra- 
tion is  increased.  This  effect  is  less 
evident  later  in  the  feed. 

The  analysis  of  IRTs  may  be  ex- 
tended further  through  a considera- 
tion of  how  their  duration  changes  at 
different  points  within  a burst.  For 
each  subject,  the  means  of  the  first 
eight  IRTs  from  all  bursts  emitted  in 
the  first  12  minutes  of  testing  and 
containing  12  or  more  responses  were 
calculated.  From  this  sample  of 
bursts,  the  means  of  the  last  8 IRTs 
were  calculated.  Group  results  are 
presented  in  Figure  1 1-4.  The  right 
hand  set  of  curves  in  this  figure  show 
mean  IRT  as  a function  of  ordinal 
position  in  the  bursts,  i.e.,  the  point 
above  1 on  the  ordinate  specifies  the 
mean  of  the  first  IRT  and  that  above  2 
the  mean  of  the  second  IRT  and  so 
on.  The  curves  on  the  left  show  mean 
IRTs  at  the  end  of  bursts.  Here,  the 
point  above  1 specifies  the  mean  of  all 
the  last  IRTs  in  the  sampled  bursts, 
the  point  above  2 then  being  the  mean 
of  all  the  penultimate  IRTs  and  so  on 
back  towards  the  start  of  the  burst. 
The  results  from  the  four  nutritive 
groups  are  presented,  along  with 
those  from  the  non-nutritive  group 
for  comparison.  Analyses  of  variance 
was  performed  on  data  from  the  nu- 
tritive groups.  Considering  first  the 
burst  onset  data,  the  effect  of  con- 
centration is  not  significant  (F=L6, 
df=7/56),  the  effect  of  ordinal  posi- 
tion of  the  IRT  is  significant  (F=  16.5, 
df=  7/393,  p<0.01)  and  there  is  a sig- 
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SUCROSE  CONCENTRATION  (%)  SUCROSE  CONCENTRATION  VO 

Figure  1 1-3.  Changes  in  the  mean  value  of  various  measures  of  the  sucking 
rhythm  as  a function  of  sucrose  concentration.  See  text  for  a definition  of  these 
measures.  “Period”  is  again  the  parameter  in  all  diagrams. 


nificant  interaction  of  these  terms 
(F=1.7,  df=21/393,  p<0.05).  Sepa- 
rate tests  on  the  main  effects  of  the 
concentration  at  different  ordinal  po- 
sitions of  the  IRT  show  that  only  the 
differences  at  positions  2 and  3 are 
significant  (respectively,  F=3.0, 
p<0.01;  F=3.4,  P<0.01;  df=3/56). 
Tests  of  the  main  effects  of  ordi- 
nal position  of  an  IRT  given  dif- 
ferent concentrations  show  signifi- 
cant F ratios  for  Group  0 (F=10.4, 


df=  7/393,  p<0.01),  Group  5 (F=6.5, 
df=7/393,  p<0.01)  and  Group  15 
(F=3.7,  df=  7/393,  p<0.01).  The  or- 
dinal position  effect  is  not  significant 
for  Group  10. 

For  IRTs  from  the  end  of  bursts, 
concentration  does  not  exert  a sig- 
nificant effect  (F=  1.3,  df=3/56)  while 
the  effect  of  ordinal  position  of  the 
IRT  is  significant  (F=13.1,  df=  7/393, 

p<0.01). 


IRT  (seconds) 
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ORDINAL  IRT  FROM  BURST  START  (1)  ORDINAL  IRT  FROM  BURST  END  (1) 

Figure  1 1-4.  The  left  hand  diagram  shows  mean  IRT  as  a function  of  ordinal 
position  from  the  start  of  burst.  The  diagram  on  the  right  shows  mean  IRT  as  a 
function  of  ordinal  position  from  the  end  of  a burst.  Data  is  taken  from  bursts 
comprising  12  or  more  responses.  The  results  from  nutritive  and  non-nutritive 
conditions  are  shown. 


DISCUSSION 


The  (data  presented  in  Figures  1 1-1 
and  2 indicate  a significant  effect  of 
sucrose  concentration  on  both  the 
number  of  sucks  emitted  and  the 
cumulative  pausing  time.  The  effect  is 
most  dramatic  during  the  early  part 
of  the  feed;  a finding  that  suggests 
further  studies  of  neonatal  taste  sen- 
sitivity that  are  based  upon  intake 
measures  would  do  best  to  use  short 


feeding  periods,  perhaps  in  the  order 
of  3 or  4 minutes. 

The  preference  ranking  suggested 
by  visual  inspection  of  Figures  11-1 
through  3 is  0<5<15<10.  A series  of 
Newman  Keuls  tests  were  performed 
on  the  means  of  the  various  sucking 
parameters  during  the  first  period 
and  the  15<10  ordering  is  supported 
statistically  at  the  5%  level  only  by  the 
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BL  measure.  Nevertheless,  it  is  of 
I interest  to  note  that  the  functions  pre- 
I sented  by  Desor  et  also  suggest  a 
I preference  asymptote  is  approached 
! at  their  most  concentrated  sugar 
I (~10%  sucrose). 

I Analysis  of  the  coarse  structure  of 
I sucking  rhythm  indicates  that  the 
I higher  response  rate  maintained  by 
i sweeter  sucrose  solutions  is  mediated 
I by  fewer  but  longer  bursts  separated 
I by  shorter  pauses.  The  effect  of  the 
I concentration  variable  is  lessened  as 
j the  feed  progresses,  largely  as  a con- 
I sequence  of  a decrease  in  burst 
lengths.  The  length  of  IBIs  would 
appear  to  be  determined  exclusively 
by  the  concentration  variable;  this 
parameter  contributes  little  to  the  de- 
! dine  in  response  rate  across  the  feed. 

: With  regard  to  the  fine  structure  of 

the  response,  Wolff  has  claimed 
that  following  a change  in  the  com- 
position of  the  fluid  delivered  “the 
mean  peak  interval  between  sucks  of 
an  uninterrupted  sequence  does  not 
change”  (p.  357).  A change  is,  how- 
ever, apparent  in  the  present  data. 
Sweeter  fluids  tend  to  maintain  slower 
within  burst  responding. 

Such  an  effect  has  been  reported  on 
a within  subject  basis  elsewhere.^® 
Lipsitt  has  noted  the  paradoxical 
nature  of  this  finding.  Why  should  an 
organism  respond  more  slowly  for 
something,  which  on  the  basis  of 
other  observations  we  suppose  that  it 
prefers?  He  has  suggested  that  this 
paradox  might  be  resolved  by  viewing 
the  slower  sucking  rates  for  sweeter 
solutions  as  reflecting  a process  of 
“savouring.”  This  is  an  attractive 
hypothesis.  However,  examination  of 
the  present  data  will  indicate  that  by 
the  third  period  of  the  session  most 
sucking  parameters  fail  to  differ- 


entiate Groups  5,  10  and  15.  Yet  the 
mean  IRT  of  subjects  in  Group  15 
remains  consistently  longer  than  that 
of  the  other  two  groups  throughout 
the  session.  If  slower  within  burst  re- 
sponding reflects  “savouring”  and 
thus  is  to  be  regarded  as  an  index  of 
preference,  it  is  necessary  to  recog- 
nize that  this  measure  does  not  always 
covary  with  those  derived  from  rec- 
ords of  intake  or  overall  response 
output. 

The  effect  of  sugar  concentration 
upon  IRTs  does  merit  further  study. 
It  is  possible  for  instance,  that  the 
slower  responding  is  in  fact  more  vig- 
orous responding;  sweeter  fluids  may 
lead  to  higher  amplitude  sucking.  It 
should  be  borne  in  mind  that  more 
concentrated  sucrose  solutions  have 
higher  viscosities.  This  is  a variable 
that  so  far  has  been  left  uncontrolled 
in  studies  of  infant  taste  and  it  is  one 
that  may  be  influential  in  the  IRT  re- 
sults discussed  here. 

IRTs  were  also  analysed  with  re- 
spect to  their  ordinal  positions  within 
bursts.  IRTs  were  typically  short  at 
the  start  of  a burst,  lengthening  to  a 
stable  duration  across  the  first  four  or 
five  ordinal  response  positions. 
Wolff  has  observed  decelerations 
of  sucking  rate  at  the  onset  of  bursts 
that  are  similar  to  those  shown  in  Fig- 
ure 1 1-4.  Although  he  failed  to  find 
such  an  effect  during  nutritive  suck- 
ing (See  p.  946),  it  is  clearly  obtain- 
able under  the  present  conditions. 
There  is  also  some  suggestion  that  the 
extent  of  these  decelerations  is  related 
to  sucrose  concentrations.  The  more 
preferred  fluids  show  the  effect  less 
dramatically.  It  would  thus  appear 
that  sweetness  can  affect  the  fine 
structure  of  sucking  not  only  at  the 
level  of  the  mean  IRT  but  also  at  the 
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level  of  patterning  within  bursts. 

That  sweetness  should  affect  the 
hne  structure  of  sucking  at  all  is  of 
some  importance  with  regard  to  the 
choice  of  a dependent  variable  in  taste 
preference  studies  with  neonates.  The 
measure  R presented  in  Figure  1 1-2 
fails  to  differentiate  Groups  5 and  15 
during  the  first  period  (a  post  hoc 
Newman  Keuls  test  gives  p>0.05), 
while  PT  does  differentiate  these 
groups  (p<0.05).  Although  the  two 
groups  may  emit  a comparable 
number  of  responses  in  a four  minute 
period,  subjects  in  Group  15  require  a 
longer  portion  of  that  period  to  do  so 
as  they  suck  more  slowly.  Time  spent 
pausing  is,  at  this  point,  more  sensi- 
tive to  the  group  differences. 

We  have  demonstrated  that  sweet- 
ness modifies  both  the  coarse  and  hne 
structure  of  sucking.  These  effects 
may  interact  in  such  a way  as  to  re- 
duce the  sensitivity  of  simple  intake 
measures  of  preference  or  measures 
based  upon  a count  of  sucks.  A 
further  understanding  of  why  sweeter 
sucrose  solutions  support  not  only 
more  sucks  per  unit  time  but  also 
slower  sucking  is  evidently  required. 
At  present  the  importance  of  detailed 
examination  of  the  effects  of  stimuli 
on  the  organization  of  sucking  must 
be  stressed. 

A point  should  be  raised  concern- 
ing the  0%  sucrose  or  distilled  water 
group.  The  amount  of  sucking  by  sub- 
jects in  this  group  remained  consist- 
ently less  than  that  of  subjects  in  the 
other  nutritive  groups  which,  by  the 
end  of  the  feed,  were  themselves  es- 
sentially comparable.  The  experi- 
ments of  Bartoshuk  and  her  col- 
leagues have  demonstrated  that 
after  the  adult  tongue  is  adapted  to 
weak  sodium  chloride  solutions,  sub- 


adapting concentrations  taste  bitter.  It 
is  known  that  infants  have  particularly 
high  sodium  levels  in  their  saliva. 
Samples  taken  in  our  laboratory  indi- 
cate concentrations  of  sodium  in  the 
mixed  saliva  of  neonates  can  be  as 
high  as  80  mEq  Na"''/!.,  while  adult 
levels  are  usually  in  the  region  of 
10  mEq  Na'*'/!.  This  suggests  that 
distilled  water  may  taste  bitter  to 
the  neonate.  We  should  at  least  be 
cautious  in  assuming  that  subjects  in 
Group  0 were  sucking  for  a neutral  or 
tasteless  fluid. 

Einally,  the  relevance  of  the  present 
results  to  the  distinction  between  nut- 
ritive and  non-nutritive  sucking 
should  be  noted.  Wolffs®  has  sum- 
marized the  structural  difference 
thus:  "...  nutritive  sucking  is  or- 
ganized as  a continuous  stream  rather 
than  an  alternation  of  bursts  and  rest 
periods;  and,  its  mean  rate  per  second 
is  slower  and  usually  about  half  that  of 
non-nutritive  mouthing”  (p.  948). 
This  amounts  to  differences  in  both 
what  I have  termed  the  coarse  and 
fine  structure  of  the  response.  Un- 
published data  from  our  laboratory 
indicate  that  nutritive  sucking  can  ap- 
pear more  similar  to  non-nutritive 
sucking  as  the  amount  of  fluid  contin- 
gent upon  each  suck  is  reduced.  That 
is,  with  small  amounts  of  fluid,  suck- 
ing has  a more  marked  burst  and 
pause  pattern  and  IRTs  are  shorter. 
The  data  reported  here  suggest  that 
not  only  quantity  but  also  quality  of 
the  nutrient — in  this  case  its 

sweetness — can  alter  the  nutritive 
sucking  pattern  to  resemble  that 
characteristic  of  non-nutritive  condi- 
tions. Thus,  sucking  for  5%  sucrose  is 
characterized  by  shorter  IRTs  and 
more  pauses  than  sucking  for  15% 
sucrose — at  least  in  the  early  portion 


157 


Temporal  Organization  of  Sucking 

of  a feed.  The  dichotomy  of  sucking  during  nutritive  sucking.  One  vari- 
modes  is  perhaps  an  oversimplifica-  able  influencing  both  is  the  sweetness 
tion;  continuity  and  speed  of  response  of  the  nutrient, 
can  be  apparent  to  varying  degrees 
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DISCUSSION 


Steiner:  Is  my  recollection  of  your 
apparatus  correct,  in  that  after  each 
suck  the  baby  receives  a pre-set 
amount  of  fluid  independent  of  how 
he  sucks?  Would  not  your  recordings 
and  those  of  Drs.  Lipsitt  and  Engen 
then  refer  to  the  frequency  of  move- 
ments carried  out  by  the  baby  and  not 
to  the  consumption  of  fluid?  In  your 
apparatus  the  pre-set  amount  of  fluid 
does  not  vary  with  other  parameters 
of  sucking.  If  that  would  be  the  case,  it 
would  perhaps  reflect  the  more 
natural  conditions  of  sucking  during  a 
feed. 

Crook:  Yes.  All  of  our  results  de- 
scribe the  temporal  organization  of 
sucking  responses  and  what  we  count 
as  a response  is  any  negative  pressure 
change  causing  a pen  sweep  of  a pre- 


set amplitude  on  the  polygraph  rec- 
ord. During  the  baseline  period  on 
non-nutritive  sucking  the  amplitude 
gain  is  set  such  that  only  the  occa- 
sional suck  made  at  the  start  of  a burst 
fails  to  reach  the  criterion. 

I am  not  trying  to  simulate  the  con- 
ditions that  characterize  a normal 
feed.  Infants  who  have  been  fed  these 
thin  sugar  solutions  from  a commer- 
cial bottle  in  our  laboratory  have  often 
shown  signs  of  distress  including 
apnoea  and  bradycardia,  and  in  the 
process  quite  a lot  of  fluid  may  be 
spilled.  With  our  nipple  the  infant  is 
comfortable  and  the  small  amounts  of 
fluid  delivered  leave  us  less  concerned 
with  the  effect  of  post-ingestional  fac- 
tors. Because  that  amount  is  fixed  at 
each  suck,  my  results,  and  those  of 
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Drs.  Lipsitt  and  Engen,  can  easily  be 
transformed  from  “number  of  re- 
sponses” to  “millilitres  consummed.” 
However,  I specifically  wanted  to 
show  changes  in  the  serial  organiza- 
tion of  the  response  induced  by  taste 
stimuli. 

Steiner:  I am  concerned  about 
your  reliance  on  fluctuations  in  the 
number  of  sucks  as  a reliable  indicator 
of  hedonic  response.  Doesn’t  one 
have  to  be  very  careful  in  using  a sim- 
ple increase  in  the  number  of  sucks  as 
a direct  indication  of  pleasantness? 
Crook:  We  have  observed  both 
I suppression  and  potentiation  of  suck- 
ing by  stimuli  from  modalities  other 
than  taste.  Increases  in  sucking  fre- 
quency that  accompany  such  stimula- 
tion have  been  identified  in  the  past 
both  with  orienting  and  defensive 
reactions.  Certainly  that  area  of  re- 
search might  be  clarified  if  the  effects 
of  a given  stimulus  on  the  sucking  re- 
sponse was  related  to  its  effects  on, 
say,  heart  rate,  respiration  or  facial 
expression.  Characterizing  some  as- 
pect of  the  neonate’s  behavior  as  an 
hedonically  positive  or  negative  re- 
sponse is  a difficult  and  dangerous 
game — although  it  does  seem  to  me  to 
be  something  that  is  very  important 
for  psychologists  to  try  and  do.  For 
my  part,  I admit  the  assumption  in  my 
experiment  that  more  sucking  means 
greater  preference.  This  experiment 
does  involve  a contingency  between 
the  response  and  the  stimulation  and 
when  an  increase  in  responding  is  ob- 
served within  the  context  of  such  a 
contingency  I think  my  assumption  is 
then  not  unreasonable.  At  least  I 
think  this  reflects  beliefs  widely 
shared  among  psychologists.  How- 
ever, I have  certainly  been  reassured 
by  the  findings  that  Dr.  Steiner  has 


reported  using  the  facial  response. 

Collier:  I can  just  add  one  com- 
ment. If  you  look  at  lick  rate  in  rats 
drinking  saccharin  the  pattern  of  licks 
is  different  from  that  for  sugar.  The 
local  rate  is  higher  and  the  bursts  are 
shorter 

Crook:  Oh,  I was  under  the  im- 
pression that  licking,  the  consumma- 
tory  behavior  of  the  adult  rat,  was  es- 
sentially constant  for  any  substance. 

Collier:  Not  with  saccharin.  We 
have  observed  higher  rates  with  noxi- 
ous substances.  Otherwise,  you  seem 
to  get  a relatively  constant  average 
rate  of  seven  per  second.  Initial  rates 
are  higher  and  terminal  rates  lower. 

Crook:  You’re  talking  about  a rate 
within  an  episode. 

Collier:  No,  the  rate  within  a 
single  burst  of  responses. 

Nowlis:  I should  add  a few  com- 
ments on  the  question  of  the  new- 
born’s response  to  aversive  tastes 
which  Dr.  Engen  raised  earlier.  I have 
given  a number  of  infants  10  Molar 
quinine  hydrochloride  while  monitor- 
ing pressures  from  the  front  and  back 
of  the  tongue  with  a specially  con- 
structed pressure  transducing  nipple. 
As  I reported  earlier,^  this  concentra- 
tion of  quinine  invariably  interrupts  a 
sucking  bout  after  the  first  few  sucks. 
If  the  nipple  is  left  in  the  mouth 
thereafter,  the  infant  generally  pro- 
duces movements  of  the  posterior 
tongue  which  tend  to  push  the  nipple 
out  of  the  mouth.  A similar  pattern 
was  present  in  some  infants  offered 
isotonic  saline;  in  other  infants, 
isotonic  or  hypotonic  saline  yielded  a 


‘ Nowlis,  G.H.:  Taste-elicited  tongue  movements  in 
human  newborn  infants:  An  approach  to  palatability.  In 
Bosma,  J.F.  (Ed.)  Fourth  Symposium  on  Oral  Sensation  and 
Perception.  Superintendent  of  Documents,  U.S.  Govern- 
ment Printing  Office,  1973,  pp.  292-303. 
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mild  ingestion  response.  This  variabil- 
ity of  response  to  salt  may  be 
due  to  the  great  variability  among 
newborn  infants  of  salivary  sodium 
concentration.^ 

Crook:  I have  actually  found  a 
negative  correlation  between  water  in- 
take and  salivary  sodium  in  neonates 
and  children  in  the  first  two  months 


of  life.  Alas,  the  correlation  fell  short 
of  statistical  significance.  However,  I 
am  sure  you  appreciate  that  there  are 
a lot  of  problems  attached  to  the  accu- 
rate measurement  of  salivary  sodium 
— particularly  in  young  children.  My 
results  do  suggest  the  relation  might 
warrant  more  rigorous  study. 


' Frader,  A.,  Gautier,  E.,  Gautier,  R.,  Naf,  D.,  Semer, 
J.  M.,  & Rothschild,  E.  J.  The  Na  and  K concentration  in 
mixed  saliva:  influence  of  secretion  rate,  stimulation, 
method  Of  collection,  age,  sex,  lime  of  day,  and 
adrenocortical  activity.  In  Wholstenhohnc,  G.E.W.,  and 
Garneron,  M.F.  (Eds.)  The  Human  Adrenal  Cortex,  London, 
Churchill,  19.5.5,  p.  382. 
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PREFERENCE  FOR  SWEET  IN  HUMANS: 
INFANTS,  CHILDREN,  AND  ADULTS 


J.  A.  Desor,  Owen  Maller,  and  Lawrence  S.  Greene 


There  are  many  compounds  critical 
to  human  nutrition  that  are  detected 
in  the  environment  only  by  the  taste 
system.  Two  of  these  are  routinely 
available  in  highly  purified  form  as 
odorless,  white  crystals  on  tables, 
counters  and  wherever  else  food  is 
consumed  in  many  parts  of  the  world. 
They  have  drastically  different 
physiological  effects;  both  are  very 
relevant  to  nutrition.  It  is  only  when 
they  are  tasted  that  one  can  differ- 
entiate between  them.  Sodium 
chloride  is  essential  in  maintaining 


electrolyte  balance,  and  sucrose  is  an 
excellent  source  of  calories.  Their 
consumption  is  mediated  by  the  indi- 
vidual’s preference  for  saltiness  or 
sweetness  as  qualities  of  the  foods  he 
ingests.  Merely  that  sucrose  is  found 
so  consistently  available,  both  where 
foods  are  prepared  and  at  the  place  of 
actual  ingestion,  indicates  that  in- 
creasing the  sweetness  of  foods  is  cur- 
rently a widespread  practice.  The  de- 
terminants of  this  behavior  have  been 
the  focus  of  the  series  of  studies  to  be 
described. 


INFANT  RESPONSES  TO  SWEET 


One  of  the  issues  of  interest  is 
whether  responses  to  sweet  are  genet- 
ically determined  or  acquired.  One 
approach  to  the  issue  of  whether  re- 
sponses to  sweet  are  inherent  has 
been  to  study  the  newborn.  Any  re- 
sponses present  at  birth  are  likely  to 
be  genetically  controlled  and  charac- 
teristic of  the  species  as  a whole. 

Infants  between  one  and  three  days 
of  age  were  tested  to  determine  what 
effects  sweetening  a fluid  has  on  their 
consumption  of  it.^  Two  stimulus 
changes  that  vary  sweetness  were 


used:  both  the  saccharide  (from 

mildly  to  very  sweet)  and  its  concent- 
ration were  varied.  Two  monosac- 
charides, fructose  and  glucose,  and 
two  disaccharides,  sucrose  and  lac- 
tose, were  tested.  Fructose  and  su- 
crose are  very  sweet  sugars  whereas 
glucose  and  lactose  are  less  sweet 
ones.^^  The  sugars  were  tested  in  four 
concentrations:  .05,  .10,  .20,  and 

.30M.  Each  of  the  resulting  16  solu- 
tions was  offered  to  a sample  of  12 
infants,  6 males  and  6 females. 

The  infants  were  tested  approxi- 
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mately  midway  between  regular  feed- 
ings. They  were  offered  water  for 
three  minutes  and  a sugar  solution  for 
three  minutes  with  a two- minute  rest 
between  these  presentations.  Half  of 
the  infants  of  each  sex  received  water 
first,  and  the  rest  received  the  sugar 
solution  first.  The  volumes  ingested 
during  these  controlled  periods  were 
measured. 

The  newborns  discriminated  be- 
tween plain  and  sweetened  water. 
They  consumed  more  fluid  when  it 
was  sweetened.  Further,  they  were  re- 
sponsive to  the  degree  of  sweetness. 
When  solutions  were  made  sweeter  by 
increasing  concentration,  the  infants 
responded  by  taking  proportionately 
more  of  the  solution  (Figure  12-1). 
They  were  also  responsive  to  the  dif- 
fering sweetness  of  the  sugars  used 
(Figure  12-2).  Sucrose  and  fructose 
were  more  effective  in  increasing  the 
volume  consumed  than  were  lactose 
and  glucose. 

This  increased  consumption  in  re- 


Figure  12-1.  Mean  volume  of  sugar  solutions 
and  water  ingested  by  infants  offered  differ- 
ent concentrations  of  sugar  solutions. 
Copyright  1973  by  the  American  Psychologi- 
cal Association.  Reprinted”*  by  permission. 
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Figure  12-2.  Mean  volume  of  sugar  solutions 
and  water  (W)  ingested  by  infants  offered 
solutions  of  different  sugars.  Copyright  1973 
by  the  American  Psychological  Association. 
Reprinted^  by  permission. 

spouse  to  sweet  was  observed  using  a 
water  medium.^  It  has  also  been 
found  when  sweetness  was  varied  in  a 
milk  medium. It  is  quite  clear  that 
humans  are  responsive  to  sweet  soon 
after  birth,  thus  suggesting  that  the 
response  is  innate.  The  type  of  re- 
sponsiveness observed  in  these  studies 
is  one  affecting  intake.  Over  the 
sweetness  levels  tested,  as  a fluid  is 
made  sweeter,  greater  quantities  of  it 
are  taken  into  the  gastro-intestinal 
tract. 

Effect  of  other  taste  qualities  on  the 
response  to  sweet 

The  facilitation  of  intake  in  the 
newborn  by  sweet  appears  to  be  unaf- 
fected by  the  addition  of  salty  or  bitter 
tastes.  Sour  stimuli,  however,  sup- 
press the  effect.  In  testing  for  new- 
born responses  to  tastes  other  than 
sweet,  the  testing  situation  described 
above  was  employed  to  determine  the 
effectiveness  of  sweet  in  mixture  with 
other  taste  qualities.^  The  high  level 
of  consumption  of  sweet  fluids  was 
unaffected  by  the  addition  of  urea  in 
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concentrations  as  high  as  .48  M (Fig- 
ure 12-3)  or  salt  in  amounts  up  to  .2M 
(Figure  12-4).  Adding  citric  acid  in 
concentrations  from  .001  to  .024  M to 
the  sweet  fluid  (a  .07  M sucrose  solu- 
tion) resulted  in  a reduction  in  intake 
(Figure  12-5). 

Preference  for  sweet  relative  to  milk 

It  is  clear  that  newborns  are  not 
passive  receptacles  of  fluids  offered  to 
them.  They  actively  vary  the  volume 
they  consume,  taking  more  or  less  de- 
pending on  the  sensory  qualities  of 
the  fluids  offered.  Infont  formula, 
like  solutions  of  sweet  carbohydrates, 
is  consumed  in  greater  quantities  than 
is  water.  Sugar  solutions  and  milk 
formula  both  provide  nutrients  that 
are  absent  when  plain  water  is 
offered.  Formula,  however,  is  a simu- 
lation of  the  newborn’s  complete  and 
natural  diet.  If  relative  palatability  re- 
flects relative  nutritive  value,  then 
newborns  should  demonstrate  greater 
preferences  for  milk  formula  than  for 


Figure  12-3.  Mean  volumes  of  .07  M sucrose 
with  and  without  urea  ingested  hy  newborns 
offered  different  concentrations  of  urea 
(n=12). 


Figure  12-4.  Mean  volumes  of  .07  M sucrose 
with  and  without  NaCl  ingested  by  newborns 
offered  different  concentrations  of  NaCl 
(n=12). 

sugar  solutions.  A comparison  of  the 
two  was  made  using  the  testing  tech- 
nique described  previously.  A group 
of  15  infants  was  offered  a low  density 
milk  formula  (Similac  13)  and  a .3  M 
sucrose  solution  for  three  minutes 
each.  The  two  fluids  were  equated  for 
caloric  density  (.4  Kcal/ml).  Sucrose 
was  used  since  it  is  selected  by  adults 
as  highly  acceptable  among  sweet 
carbohydrates.^ 


Figure  12-5.  Mean  volumes  of  .07  M sucrose 
with  and  without  citric  acid  ingested  by  new- 
borns offered  different  concentrations  of  cit- 
ric acid  (n=12).  Copyright  1975  by  the 
American  Psychological  Association.  Re- 
printed ^ by  permission. 
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The  newborns  demonstrated  greater 
preferences  for  the  sucrose  solution 
than  for  the  milk  formula  {t  = 2.8, 
df  = 14,  p.  <.05).  The  mean  volumes 
ingested  of  each  during  the  three- 
minute  periods  are  given  in  Figure 
12-6.  Three  of  the  subjects  consumed 
the  maximum  volume  offered  of  the 
sucrose  solution  (40  ml)  in  less  than 
the  three- minute  period.  Presumably, 
the  differential  intake  of  the  two 
fluids  would  have  been  even  more 
pronounced  had  there  been  no  limits 
on  the  volumes  the  infants  were  al- 
lowed to  ingest  during  the  test.  Within 
this  restricted  situation,  the  newborns 
consumed  over  twice  the  number  of 
calories  when  the  caloric  source  was 
the  sucrose  solution  rather  than  the 
milk  formula.  This  preference  for  the 
sweet  carbohydrate  relative  to  milk 
was  observed  in  a short-term  test 
where  postingestional  factors  were 
not  likely  to  be  of  consequence.  Thus, 
the  preference  is  presumably  a sen- 


Similacl3  .3  M Sucrose 
Stimulus 

Figure  12-6.  Mean  volumes  of  milk  formula 
and  an  isocaloric  sucrose  solution  ingested  by 
human  newborns  (n=15). 


sory  preference,  an  immediate 
hedonic  response  to  the  perceptual 
qualities  of  the  fluids,  that  describes 
their  relative  palatability.  This  short- 
term preference  may  not  reflect 
long-term  intake  preferences  when 
postingestional  effects  are  operative. 

Effect  of  hunger/thirst  on  sweet 
preferences 

All  of  the  tests  with  newborns  de- 
scribed thus  far  were  conducted  ap- 
proximately midway  between  regu- 
larly scheduled  hospital  feedings. 
These  feedings  occurred  approxi- 
mately every  four  hours.  Presumably, 
the  infants  were  neither  as  hungry 
nor  as  satiated  as  their  feeding  regime 
allows.  It  was  of  interest  to  determine 
whether  the  preferences  observed  are 
specific  to  this  intermediate  level  of 
hunger  and  thirst  or  are  generally 
stable  over  levels  of  deprivation. 

Tests  as  were  described  above  were 
repeated  for  three  sugar  solutions,  .2 
and  .3  M glucose  and  .2  M fructose. 
In  this  study, each  infant  was  tested 
not  once,  but  twice,  under  different 
levels  of  deprivation,  and  one-minute 
rather  than  three- minute  ingestion 
periods  were  used.  One  test  preceded 
a regularly  scheduled  feeding,  ending 
two  minutes  before  the  feeding.  The 
other  test  followed  a regular  feeding, 
beginning  two  minutes  after  the  com- 
pletion of  the  meal. 

The  higher  concentration  of  glu- 
cose was  a more  effective  stimulus  in 
increasing  ingestion  than  was  the 
lower,  and  this  was  independent  of 
deprivation.  Fructose  was  more  effec- 
tive than  the  isomolar  solution  of  glu- 
cose in  stimulating  consumption  in 
the  four-hour  deprived  infants,  but 
not  in  recently  fed  infants. 
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Greater  quantities  of  all  the  stimuli, 
water  and  sugar  solutions  alike,  were 
consumed  when  the  infants  were 
tested  before  a feeding  rather  than 
after.  Hunger  and  thirst  had  a 
generalized  effect  on  the  volume  con- 
sumed by  the  newborn.  Emits  and 
Corbit  ® found  a similar  effect  in  rats. 
They  found  that  water  deprivation 
resulted  in  an  increase  in  the  volumes 
of  sugar  solutions  consumed  without 
a substantial  alteration  of  the  shape 
of  the  preference  curve  for  the 
solutions. 

A similar  effect  of  hunger  on  pref- 
erence was  observed  in  human  adults. 
Hill  ® measured  the  amounts  ingested 
by  adults  during  regular  meals.  He 
varied  both  the  level  of  hunger  and 
relative  preference  of  the  meals  of- 
fered. Increased  hunger  and  in- 
creased preference  had  similar  and 
independent  effects:  both  resulted  in 
an  increase  in  the  amount  consumed. 
It  appears  that  newborn  and  adult 
humans  vary  consumption  in  re- 
sponse to  both  deprivation  and  the 
sensory  qualities  of  the  foods  offered. 

Responses  of  older  infants 

It  is  of  interest  to  determine  whether 
the  response  to  sweet  present  in  the 
newborn  persists  or  is  subsequently 
modified  developmentally  and/or  as  a 
result  of  dietary  experience.  Two 
groups  of  older  infants  were  tested 
with  the  same  procedure  used  in 
studying  newborns.  One  group 
ranged  from  5 to  1 1 weeks  of  age. 
These  infants  had  had  a considerably 
longer  feeding  history  than  the  1-  to 
3-day  old  infants.  According  to  their 
mothers’  reports,  milk  formula  was 
still  the  major  food,  but  most  had  re- 
cently been  introduced  to  a variety  of 
other  complex  foods  (e.g.,  fruit  juices. 


pureed  vegetables).  An  older  group, 
ranging  from  20  to  28  weeks  of  age, 
were  still  young  enough  to  be  tested 
by  offering  nursing  bottles,  but  were 
on  highly  varied  diets. 

In  the  older  infants,  fructose  and 
glucose  were  used  to  test  for  re- 
sponsiveness to  differences  between 
sugars.  Both  .1  and  .2  M solutions  of 
each  were  used  to  test  for  a concentra- 
tion effect.  The  infants  were  tested 
during  routine  visits  to  the  Well  Baby 
Clinic  of  Pennsylvania  Hospital,  and 
were  included  as  subjects  only  if  the 
pediatric  staff  had  judged  them  to  be 
normal  and  healthy.  Their  food  in- 
take prior  to  testing  was  not  con- 
trolled, and  the  level  of  hunger  un- 
doubtedly varied  somewhat. 

Each  of  the  four  sugar  solutions  was 
offered  to  12  infants  in  each  age 
group.  The  differences  between  the 
volumes  of  water  and  test  solution 
ingested  were  analyzed.  The  cor- 
responding data  from  newborns  tested 
with  these  four  sugar  solutions 
were  included  in  the  analyses.  There 
were  no  differences  between  the  three 
age  groups.  All  demonstrated  greater 
preferences  for  the  .2  M solutions 
than  they  did  for  the  .1  M solutions 
{F  = 11.8,  = 1/132,/?  <.01;  Figure 

12-7).  In  addition,  fructose  was  more 
effective  than  glucose  in  facilitating 
ingestion  in  all  three  age  groups  {F  = 
17.4,  (if  = 1/132,/?  <.01;  Figure  12-8). 
Although  the  degree  to  which  the  in- 
fants increased  their  intake  in  re- 
sponse to  sweet  did  not  change  over 
the  first  six  months,  the  total  volume 
consumed  during  the  six  minutes  of 
testing  increased  with  age  {F  = 5.6, 
df  = 2/138,/?  <.01). 

Newborn  and  adult  comparison 

The  disposition  to  allow  more  of  a 
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Figure  12-7.  Mean  differences  (n  = 24)  be- 
tween the  volume  of  sugar  solutions  and  the 
volume  of  water  ingested  by  infants  differing 
in  age  for  2 solution  concentrations. 

fluid  to  pass  through  the  oral  cavity  if 
that  fluid  tastes  sweet  appears  to  be  a 
characteristic  of  humans  through  in- 
fancy. It  is  unaltered  from  birth 
through  the  pre-weaning  transition  to 
a varied,  omnivorous  diet.  Is  it  char- 
acteristic throughout  the  life  span? 
Stellar  has  presented  data  on  this 
effect  in  the  adult  human.  The  testing 
situation  was  remarkably  similar 


E 


Figure  12-8.  Mean  differences  (n  = 24)  be- 
tween the  volumes  of  sugar  solutions  and  the 
volume  of  water  ingested  by  infants  differing 
in  age  for  2 sugars. 


to  that  used  here  with  infants.  The 
subjects  were  offered  a fluid  for  a 
10- minute  period.  The  fluid  was  de- 
livered through  a straw,  and  the  sub- 
ject could  ingest  as  much  or  as  little  as 
he  wanted.  Water  and  solutions  of  su- 
crose and  glucose,  each  in  seven  con- 
centrations were  offered.  The  volume 
ingested  of  each  of  these  fluids  was 
measured.  Stellar’s  graphically  pre- 
sented data  (Figure  23)  were  con- 
verted to  the  units  used  here  and  are 
presented  along  with  the  correspond- 
ing data  from  newborns  in  Figures 
12-9  and  10.  The  responses  of  new- 
born and  adult  humans  are  strikingly 
similar.  It  appears  that  although 
adults  have  had  extensively  varied 
dietary  experiences,  they  continue  to 
exhibit  the  same  ingestive  response  to 
sweet  they  had  at  birth. 

The  adults  were  tested  with  higher 
concentrations  of  both  sucrose  and 
glucose  than  had  been  offered  to  in- 
fants. When  the  higher  concentra- 
tions are  included,  a preference- 
aversion  function  becomes  apparent. 
This  same  type  of  function  is  charac- 


Figure  12-9.  Consumption  of  water  and  glu- 
cose solutions  of  varying  concentration  by 
newborn  and  adult  humans.  The  newborn 
data  are  from  Mailer  and  Desor  " (Figure 
18-3)  and  the  adult  data  are  from  Stellar 
(Figure  23). 
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Figure  12-10.  Consumption  of  water  and 
sucrose  solutions  of  varying  concentrations  by 
newborn  and  adult  humans.  The  newborn 
data  are  from  Mailer  and  Desor  “ (Figure 
18-1)  and  the  adult  data  are  from  Stellar 
(Figure  23). 


teristic  of  other  species  as  well.^®  higher  sweetness  levels  is  unknown, 
Whether  or  not  the  newborn  human  although  it  would  be  reasonable  to 
responds  with  relative  aversion  to  expect  that  he  does. 

VARIABILITY  IN  PREFERENCES  FOR  SWEET 


The  studies  described  thus  far 
suggest  that  a preference  for  sweet  at 
some  intensities  is  characteristic  of  the 
human  species.  Within  the  species, 
however,  there  are  large  individual 
differences  in  the  level  of  sweetness 
preferred.  The  preference-aversion 
functions  given  in  Figures  12-9  and 
10  are  typical  for  averaged  responses, 
but  the  functions  for  individuals  in- 
cluded in  that  average  vary  widely 
In  addition  to  asking  whether  there  is 
a heritable  species  preference,  one  can 
ask  whether  individual  differences 
within  the  species  are  genetically  de- 
termined. It  is  possible  that  a general 
disposition  for  sweet  is  innate  whereas 
the  particular  intensity  of  sweetness 
preferred  is  determined  by  experien- 
tial, metabolic,  and/or  situational 
factors. 

To  assess  the  degree  to  which  taste 
preferences  are  heritable,  a study  of 
twins’  preferences  was  undertaken.^ 
Preference  for  sweet  relative  to 
nonsweet  was  not  at  issue.  These  tests 
were  addressed  to  asking  which  level 


of  sweetness  is  preferred;  i.e.,  in  what 
concentration  does  a subject  most  like 
to  have  his  sweetness.  A group  of  3 1 1 
pairs  of  twins,  146  monozygotic  and 
165  like-sex  dizygotic,  between  the 
ages  of  9 and  15  were  tested.  These 
samples  had  approximately  equal 
numbers  of  males  and  females  and 
Black  and  Caucasian  subjects. 

Each  subject  was  given  taste  prefer- 
ence tests  for  three  compounds;  su- 
crose, a sweet  disaccharide;  lactose,  a 
less  sweet  disaccharide;  and  sodium 
chloride.  For  each  of  the  three  tests, 
the  subject  was  presented  with  four 
cups  containing  different  concentra- 
tions of  the  compound.  He  was  asked 
to  taste  them  without  swallowing  and 
indicate  which  he  liked  the  best,  sec- 
ond best,  third  best,  and  least.  The 
concentrations  offered  were  .075,  .15, 
.30,  .60  M sucrose;  .10,  .20,  .30,  .40  M 
lactose;  .05,  .10,  .20,  .40  M NaCl.  The 
order  in  which  the  concentrations 
were  sampled  varied  across  subjects. 
The  three  tests  were  ordered  sucrose, 
lactose,  sodium  chloride.  They  were 
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separated  by  approximately  one  min- 
ute and  each  was  preceded  by 
thorough  oral  rinsing. 

Each  subject’s  ordering  of  the  con- 
centrations by  preference  was  trans- 
formed into  a single  preference  in- 
dex, and  these  indices  were  used  in 
the  analyses.  Estimates  of  heritability, 
obtained  by  comparing  the  correla- 
tions between  twins’  preferences 
among  monozygotic  and  dizygotic 
pairs,  were  calculated  for  all  three 
compounds.  There  was  no  evidence 
that  the  level  of  sweetness  or  saltiness 
preferred  by  the  individual  is  under 
genetic  control.  The  correlations  be- 
tween twins’  preferences  were  uni- 
formly low  in  both  the  monozygotic 
and  dizygotic  groups.  Thus  it  appears 
that  having  the  same  genetic  material 
and/or  being  raised  in  the  same 
household  does  not  imply  similarity  of 
taste  preferences. 

Sex  and  race  differences  in  sweet 


In  this  study  of  heritability  of  pre- 
ferred levels  of  sweetness  and  salti- 
ness, a very  large  sample  of  adoles- 
cents was  tested.  The  distribution  of 
preference  levels  for  sucrose  among 
these  9 to  15  year  old  subjects  was 
skewed,  with  greater  numbers  of 
them  indicating  that  they  prefer 
sweetness  in  the  higher  concentra- 
tions. The  same  was  found  with  lac- 
tose, although  it  was  much  less  pro- 
nounced. The  opposite  tendency  was 
observed  with  sodium  chloride: 
higher  proportions  of  subjects  indi- 
cated they  prefer  saltiness  at  low 
intensities. 

Within  this  sample  of  9 to  15  year 
old  subjects,  the  males  demonstrated 
preferences  for  higher  levels  of 


sweetness  than  did  the  females.  There 
was  no  sex  difference  in  the  distribu- 
tions of  levels  of  saltiness  preferred. 
In  addition,  the  Black  and  Caucasian 
subjects  differed  in  their  taste  prefer- 
ences. Eor  all  three  compounds,  the 
Blacks  indicated  higher  preference 
levels  than  did  the  Caucasians.  The 
distributions  of  preference  for  su- 
crose in  the  two  racial  groups  are 
given  in  Eigure  12-11.  The  prefer- 
ence for  higher  intensities  of  sucrose 
among  Blacks  relative  to  Caucasians 
was  found  in  both  high  and  low 
socio-economic  groups  and  for  both 
sexes. 

Adolescent  and  adult  comparisons 

The  subjects  in  the  twin  study 
ranged  from  9 to  15  years  of  age. 
There  were  no  changes  in  the  dis- 
tribution of  preferences  over  this 
range  of  ages  spanning  the  onset  of 
puberty.  An  additional  study  was 
undertaken  to  determine  whether  the 
distribution  of  preferences  observed 
in  these  children  and  adolescents  is 
also  characteristic  of  the  mature  adult 
population.^ 


SUCROSE  PREFERENCE  INDICES 


Figure  12-11.  Frequency  distributions  of 
cumulative  sucrose  taste  indices  by  race. 
Copyright  1974  by  the  American  Psychologi- 
cal Association.  Reprinted  ’’  by  permission. 
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Preference  tests  were  given  to  140 
adults  ranging  in  age  from  18  to  64 
years.  There  were  92  males  and  48 
females,  52  Blacks  and  88  Caucasians 
in  this  group.  The  same  materials  and 
procedure  described  above  were  used 
with  this  adult  sample. 

The  distributions  of  first-choices 
for  the  9-15  year  old  and  adult 
groups  were  compared.  For  each  of 
the  three  compounds,  more  of  the 
younger  subjects  selected  higher  con- 
centrations as  their  most  preferred. 
The  proportions  of  9-15  year  and 
adult  subjects  selecting  each  of  the 
concentrations  as  the  one  they  like  the 
best  are  given  in  Figure  12-12.  For 
sucrose,  the  adults  were  approxi- 
mately evenly  distributed  among  the 
four  sweetness  levels  whereas  among 
the  younger  subjects,  approximately 
half  of  them  most  preferred  the 
highest  sweetness  level  offered.  This 
effect  was  replicated  with  lactose,  al- 
though it  was  less  pronounced.  In- 
terestingly, the  same  tendency  for 
more  of  the  9-15  year  old  subjects  to 
demonstrate  preferences  for  the 
more  intense  taste  was  observed  with 
salt.  In  both  groups,  the  large  major- 
ity of  subjects  indicated  that  they  most 
prefer  saltiness  in  low  concentrations. 
In  the  younger  group,  however,  there 
was  a large  group  of  Blacks  (30%) 
preferring  the  highest  level  of  salti- 
ness. Preferences  for  salt  among  the 
9-15  year  old  Caucasians  were 
distributed  like  those  of  the  adults. 

Within  the  adult  population, 
neither  racial  nor  sex  differences 
were  observed.  In  addition,  no 
further  age  differences  were  observed 
among  the  adults.  The  56  subjects  be- 
tween 18  and  29  years  of  age  were 
compared  to  the  48  oldest  subjects, 
ranging  from  45  to  64  years  of  age. 


These  two  age  groups  did  not  differ 
in  their  taste  preferences  for  any  of 
the  three  compounds  tested. 

Comparison  of  ingestive  and 
psychophysical  measures  of 
preference 

These  studies  of  within-species  var- 
iation make  it  clear  that  there  are  in- 
deed differences  between  individuals 

AGE  GROUP 

H 9-l5  Years 
O Adults 


Sucrose  Concentration  (M) 


Lactose  Concentration  (M) 


Figure  12-12.  Percentage  of  adolescents  and 
adults  selecting  varying  concentrations  of 
sucrose  (upper  figure),  lactose  (middle 
figure),  and  sodium  chloride  (lower  figure)  as 
their  most  preferred  concentration. 
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in  the  level  of  sweetness  they  most 
prefer.  The  population  is  not 
homogeneous,  and  the  data  collected 
here  suggest  large  numbers  of  people 
differ  by  as  much  as  eight-fold  in  their 
preferred  level.  The  preference- 
aversion  function  for  ingestion  of  su- 
crose by  adults  (Figure  12-10)  shows 
that  the  concentration  of  maximum 
preference  is  approximately  .3  M. 
About  one-fourth  of  the  adult  popu- 
lation most  prefers  sucrose  at  approx- 
imately this  level  (Figure  12-12). 
Another  one-quarter  of  the  adults 
expressed  a maximum  preference 
for  double  this  sweetness  level,  and 
fully  one-half  indicated  they  most 
prefer  their  sucrose  at  much  lower 
concentrations. 

The  preference  test  used  here  can 
be  viewed  as  having  asked  subjects  to 
specify  parameters  of  their  pref- 
erence-aversion function.  The  first 
choice  should  indicate  approximately 
where  the  peak  of  their  curve  falls.  If 
the  test  is  a valid  measure  of  ingestive 
behavior,  then  the  ingestive 
maximum  given  in  Figure  12-10 
should  be  calculable  form  the  first- 
choice  data  given  in  Figure  12-12. 
The  mean  concentration  of  maximum 
preference  for  the  140  adults  tested 
here  is  .27  M,  a value  in  excellent 
agreement  with  the  peak  of  the  aver- 
aged ingestive  data  collected  by  Stellar 
and  his  colleagues.^®  If  a group  of 
subjects  between  9 and  15  years  of  age 
were  tested  in  the  feeding  situation 
used  by  Jordan,  Weiland,  Zebley, 
Stellar,  and  Stunkard,*^  their  ingestive 
preference  curve  should  reach  a 
maximum  at  a higher  concentration 
than  did  the  curve  for  adults.  The 
mean  concentration  of  maximum 
preference  for  the  608  9-15  year  old 
subjects  described  in  Figure  12-12  is 


.39  M.  Further,  the  preference  data  l| 
predict  that  the  ingestive  function  for 
Black  children  and  adolescents  will  ■> 
peak  at  a higher  concentration  than  Ij 
that  for  Caucasians  of  the  same  B 
age,  and  males  and  females  will  differ  B 
similarly.  ■: 

Stability  of  individual  preferences  B| 

ll 

The  preferences  for  sweet  de-  | 
scribed  above  summarize  single  i 
measurements  on  large  groups  of  sub- 
jects. It  is  critical  to  know  whether  the 
preference  demonstrated  by  a subject 
on  this  test  is  transitory  or  stable.  It  is 
possible  that  an  individual’s  prefer- 
ence for  sweet  varies  over  time, 
perhaps  with  the  social  situation 
and/or  his  metabolic  state.  If,  for 
example,  preference  for  sweet  corre- 
lates with  hunger,  then  the  differ- 
ences observed  between  the  two  age 
groups  may  reflect  only  that  at  any 
given  time,  the  level  of  hunger  among 
those  9-15  years  of  age  is  greater  than 
that  among  adults.  Alternatively,  the 
preference  level  for  sweet  may  be  a 
fairly  stable  characteristic  of  the  indi- 
vidual, determining  more  generally 
the  level  of  sweetness  he  selects. 

In  order  to  measure  the  stability  of 
these  preferences  as  well  as  the  reli- 
ability of  the  test,  27  of  the  adults 
were  retested  approximately  two 
months  after  their  first  test.^  The  pref- 
erence indices  reflecting  the  order- 
ing of  the  four  concentrations  on  the 
test  were  calculated.  The  test-retest 
correlations  (r)  for  these  were  .72  for 
sucrose  (/?<.001),  .54  for  lactose 

(/><.01),  and  .88  for  sodium  chloride 
(/?<.001).  In  order  to  observe  such 
correlations,  there  must  be  both  a 
stable  characteristic  to  measure  and  a 
reliable  method  of  measuring  it.  The 


171 


Infants,  Children  and  Adults 


degree  to  which  these  preferences 
were  not  constant,  of  course,  reflects 
variability  in  the  preference  system, 
the  measurement  technique,  or  both. 

It  is  clear  that  there  is  some  indi- 
vidual consistency  in  the  level  of  su- 
crose most  preferred.  In  addition  to 
any  immediate  factors  that  may  de- 
termine preference,  there  are  stable 
preferences  characteristic  of  the  indi- 
vidual. That  is,  it  appears  that  some 
individuals  can  be  characterized  as 
liking  strong  concentrations  of  su- 
crose best  and  others  are  characteriz- 
able  as  most  preferring  it  in  low 
concentrations. 

It  does  not  necessarily  follow  that 
because  some  parts  of  the  population 
prefer  only  mild  sweetness,  they  con- 
sume fewer  calories  in  sweet  nu- 
trients. It  is  possible  that  an  individu- 
al’s taste  preference  level  mediates  the 


amount  (^or  proportion)  of  sucrose  in 
his  diet.  Alternatively,  this  preference 
may  determine  the  form  in  which  su- 
crose is  ingested  without  being  related 
to  total  sucrose  consumption.  For 
example,  an  individual  preferring 
concentrated  sweetness  may  eat  candy 
when  he  eats  sugar  at  all  and  ingest 
only  small  amounts  of  candy. 
Another,  preferring  mild  sweetness, 
may  take  small  amounts  of  sucrose  in 
nearly  everything  he  ingests,  adding  it 
in  low  concentrations  to  coffee  or 
tea  and  routinely  selecting  mildly 
sweetened  vegetables,  meats,  etc. 
(e.g.,  cole  slaw,  stewed  tomatoes,  bar- 
becued meats).  In  the  absence  of  re- 
search correlating  preferences  with 
long-term  intake  patterns,  it  is  prema- 
ture to  suggest  that  the  observed  dif- 
ferences in  preferences  imply  dietary 
and/or  nutritional  differences. 


SUMMARY 


The  studies  summarized  above 
suggest  the  following  is  true  of  hu- 
mans with  regard  to  sweet:  there  is  a 
preference  for  sweet  at  some  levels 
relative  to  nonsweet,  it  is  an  un- 
learned preference  present  from 
birth,  and  it  appears  to  be  unaltered 
from  birth  through  adulthood.  Mem- 
bers of  the  species  are  not  homogene- 
ous in  the  level  of  sweetness  they  pre- 
fer, and  the  individual’s  preferred 
level  appears  to  be  a fairly  stable 
characteristic  of  him.  There  was  no 
evidence  that  individual  differences 
in  preference  level  are  due  to  genetic 
or  immediate  familial  factors.  Various 
subgroups  differ  in  the  proportions 
of  individuals  having  preferences  for 
low,  medium,  or  high  sweetness.  In  a 
westernized,  urban  population,  such 
differences  were  observed  between 


groups  differing  in  age,  sex,  and  race. 

Sweet  appears  to  be  a fairly  unique 
sensory  quality.  To  find  a species-wide 
preferential  response  to  one  of  four 
presumed  primary  taste  qualities  is 
analogous  to  finding  a genetic  pref- 
erence for  red,  green,  or  a particular 
pitch.  It  is  peculiar  to  find  that  a single 
sensory  quality,  rather  than  mediating 
differentiation  between  whole  per- 
cepts, is  reinforcing  in  and  of  itself. 
This  inherent  affective  response  to 
the  sensory  quality  of  sweet  is  not 
unique  to  humans.  Sweet  is  a primary 
reinforcer  to  many  species,  includ- 
ing many  mammals,  10.13,17  from 
phylogenetic  inference  alone,  the 
same  would  be  expected  in  humans. 

It  is  not  surprising,  therefore,  that 
sucrose,  being  of  highly  acceptable 
sweetness,  is  found  so  pervasively 
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where  humans  prepare  their  foods. 
In  view  of  the  wide  individual  differ- 
ences in  the  level  of  sucrose  pre- 
ferred, it  is  equally  unsurprising  that 


this  compound  is  present  at  the  place 
of  actual  ingestion,  thereby  allowing 
the  individual  to  determine  the  level 
he  ingests. 
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Chapter  13 


FACIAL  EXPRESSIONS  OF  THE  NEONATE 
INFANT  INDICATING  THE  HEDONICS  OF 
FOOD-RELATED  CHEMICAL  STIMULI 


Jacob  E.  Steiner 


In  the  very  first  hours  of  extra- 
uterine  life  the  human  neonate  re- 
sponds to  food  related  chemical 
stimuli  with  facial  expressions.  I shall 
try  to  demonstrate  that  such  neonatal 
facial  expressions  can  be  viewed  as 
non-verbal  communication  signals 
that  indicate  willingness  to  accept  or 
need  to  reject  a stimulus.  The 
stimulus-induced  differential  facial 
expressions  of  acceptance  or  aversion 
indicate  the  existence  of  a dis- 
criminatory mechanism  that  appears 
to  provide  an  evaluation  of  a hedonic 
dimension  of  chemical  stimuli  related 
to  food.  The  circumstances  of  the  ob- 
servations indicate  that  such  a “he- 
donic monitor”  operates  on  a non- 
cognitive  level  and  that  its  evaluation 
of  stimuli  is  not  directly  or  primarily 
related  to  the  previous  experience  of 
the  organism  or  to  a learning  process. 
The  study  of  the  development  of 
sweet  preference  may  thus  be  ap- 
proached under  the  assumption  that 
man,  like  many  other  organisms,  has  a 
“natural”  preference  for  sweet. 

Kalmus,  in  a paper  presented  at  the 
IV.  International  Symposium  on  Ol- 
faction and  Taste, states  a position 
germane  to  our  concern  with  re- 
sponse to  food  related  stimuli. 


My  proposition  is  that  it  will  be  profita- 
ble to  investigate  the  more  integrative 
faculties  of  chemoreception.  Such  studies 
must  start  from  considerations  of  the  gen- 
eral role  of  chemical  perception  in  the  life 
of  animals  and  from  there  proceed  to  a 
detailed  analysis  of  the  tasks  which  the 
gustatory  and  olfactory  senses  must  per- 
form in  the  maintenance  of  life  . . . Belief 
in  the  faculties  of  our  nose  and  tongue  to 
discover  what  is  wholesome  and  what  is 
deleterious  is  wide  spread. 

There  is  little  doubt  that  the  two 
major  chemical  senses,  gustation  and 
olfaction,  play  an  important  role  in 
the  search  for  and  selection  of  food 
throughout  the  Animal  Kingdom. 
Man  is  considered  to  be  microsmatic, 
i.e.  to  have  limited  ability  to  utilize 
olfactory  cues.  Yet,  even  he  makes 
good  use  of  olfactory  signals  to  distin- 
guish fresh  from  rotten  food,  and  as 
basis  for  his  food  related  feeling  of 
enjoyment  or  disgust.  Gustatory  cues 
can  be  decisive  in  motivating  the  be- 
havior of  men  and  animals.  As 
Pfaffmann  demonstrated,  the  clear 
correlation  between  behavioral  and 
electro-physiological  measures  sup- 
port the  assumption  that  gustatory 
stimuli  are  involved  in  the  control  of 
consumatory  responses  and  the  re- 
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inforcement  of  instrumental  behavior.  Pfaffmann  observes  “that  there  is  in- 

Recent  observations  including  our  creasing  support  for  the  idea  that  gus- 
own,  on  human  chewing  habits,  give  tatory  stimulation  per  se  is  capable  of 
additional  support  to  Pfaffmann’s  eliciting  and  reinforcing  behavior  in 
view.^^'^^  In  his  paper  dealing  with  its  own  right: — We  might  say  ‘sweet 
“The  Pleasures  of  Sensation,”  for  sweet’s  sake.’  ” 

THE  GUSTOFACIAL  RESPONSE 


In  the  course  of  psychophysical  test- 
ing we  became  aware,  that  supra- 
threshold  taste  stimuli  in  the  sweet, 
sour  and  bitter  submodalities  of  taste 
elicited  certain  “grimaces”  from 
adults.  The  facial  expressions  ob- 
served in  a diverse  adult  population 
were  surprising  in  many  respects.  The 
facial  expressions  elicited  by  the  three 
taste  qualities  were  different  from 
each  other,  and  also  different  from 
the  response  elicited  by  similar  stimu- 
lation with  distilled  water.  The  re- 
sponses were  impressively  consistent, 
and  of  very  short  latency.  These 
preliminary  observations  which 
were  in  fact  a by-product  of  other 
studies,®’®’^®’^^’^®  suggested  that  these 
reactions  may  be  primarily  innate 
rather  than  acquired.  Therefore,  a 
systematic  study  of  the  neonate  was 
undertaken. 

Method 

There  are  three  groups  of  subjects. 
One  group  consists  of  100  termborn 
normal  neonates  of  both  sexes,  tested 
between  3 and  7 days  of  age;  a second 
group  includes  75  termborn  normal 
neonates  of  both  sexes  tested  before 
the  hrst  breast  (or  bottle)  feeding. 
Four  neonates,  born  with  severe  de- 
velopmental malformations  of  the 
CNS  (2  of  them  cases  of  Anencephaly, 
2 of  them  cases  of  Hydro- 
Anencephaly)  comprise  the  final 
group.  All  neonates  are  stimulated 


with  the  same  tastants,  one  for  each  of 
three  taste-modalities.  The  stimuli 
elicit  clear  reports  of  sweet,  sour  or 
bitter  taste  from  normal  adult  hu- 
mans. The  concentrations  of  the 
aqueous  solutions  are  as  follows:  25% 
sucrose  for  sweet,  2.5%  citric  acid  for 
sour,  and  0.25%  quinine  sulphate  for 
bitter. 

The  neonates  receive  the  stimuli  at 
room  temperature  from  disposable 
sterile  plastic  pipetts.  For  each  stimu- 
lation 0.5  ml  of  liquid  is  rinsed  on  the 
dorsal  surface  of  the  tongue.  Stimuli 
are  presented  to  the  infants  in  a ran- 
dom sequence.  Records  of  the  elicited 
facial  expressions  are  made  by  cine- 
ma, videotape  or  still-photography. 
No  additional  lighting  beyond 
that  normally  present  in  the  new- 
born nurseries  is  employed.  For 
purposes  of  comparison  the  resting 
face  (without  any  stimulation)  of  each 
infant  is  recorded,  as  well  as  the  face 
after  presentation  of  distilled  water. 
The  recordings  are  evaluated  by  a 
panel  of  observers  who  did  not  know 
the  nature  of  the  stimuli.  Only  re- 
sponses unaccompanied  by  vocaliza- 
tion are  analyzed. 

Results 

The  facial  expressions  can  be  sepa- 
rately characterized  according  to  the 
stimuli  that  elicit  them.  The  sweet 
stimulus  leads  to  a marked  relaxation 
of  the  face,  resembling  an  expression 
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of  “satisfaction.”  This  expression  is 
often  accompanied  by  a slight  smile 
and  was  almost  always  followed  by  an 
eager  licking  of  the  upper  lip,  and 
sucking  movements.  This  licking  and 
sucking  is  almost  “aloud”  sucking. 
The  facial  play  elicited  by  the  sucrose 
stimulus  was  labeled  by  the  observers 
of  the  films  and  pictures  as  an  expres- 
sion of  appreciation,  liking  or  enjoy- 
ment. The  sour  stimulus  leads  to  a 
lip-pursing,  in  a fashion  known  as  the 
“Darwin’s  pursing  of  the  lips,”  may  be 
either  continuous  or  repetative.  This 
is  often  accompanied  or  followed  by  a 
wrinkling  of  the  nose  and  blinking  of 
the  eyes.  Stimulation  with  the  bitter 
fluid  leads  to  a typical  arch  form 
opening  of  the  mouth  with  the  upper 
lip  elevated,  the  mouth  angles  de- 
pressed, and  the  tongue  protruded  in 
a flat  position.  This  expression  in- 
volves primarily  the  mouth  region  of 
the  face  and  includes  the  elements  typ- 
ical of  a facial  play  expressing  dislike 
and  disgust  or  rejection.  It  was  often 
followed  by  spitting  or  even  by  the 
preparatory  movements  of  vomiting. 

The  resemblance  of  these  neonatal 
expressions  to  those  observed  in  the 
adult  is  impressive.  The  facial  expres- 
sions are  displayed  by  the  preponder- 
ant majority  of  the  normal  termborn 
neonates  and  by  all  four  neonates  with 
the  developmental  malformations  of 
the  CNS. 

Figures  13-1  and  2 give  a synoptic 
view  of  the  typical  facial  expressions 
as  observed  both  in  the  normal  neo- 
nate and  the  neonates  with  develop- 
mental malformations  of  the  CNS. 
Table  13-1  summarizes  the  frequency 
with  which  the  main  components  of 
facial  expression  occur  as  a response 
to  each  of  the  three  gustatory  stimuli. 


Since  the  analysis  is  limited  to  re- 
sponses which  are  not  accompanied 
or  followed  by  any  vocalization  what- 
soever, the  tables,  the  figures  and  the 
summary  remarks  below  all  relate  to 
exclusively  non-verbal,  non-vocal 
motor  reactions. 

Summary 

Sweet,  sour  and  bitter  stimuli  elicit 
differential  and  typical  facial  expres- 
sions in  the  neonate  infants.  Since  the 
neonate  can  display  differential  facial 
expressions  to  various  tastants  in  the 
very  first  hours  of  its  extrauterine  life, 
prior  to  any  feeding  experience,  it  can 
be  assumed  that  the  discriminative  fa- 
cial expressions  are  present  at  birth 
and  not  acquired  by  life-experience 
and  learning.  From  the  fact  that 
neonates  without  brain  structures 
other  than  the  brain  stem  and 
mesencephalon  can  react  to  tastants  in 
a fashion  similar  to  normal  termborn 
neonates,  one  can  conclude  that  the 
gustofacial  response  is  a low-level 
reflex-like  response,  that  does  not  in- 
volve cortical  structures.  A neural 
pathway  consistent  with  these  findings 
has  been  proposed  elsewhere.^® 

Adult  observers,  viewing  pictures  of 
these  expressions  without  knowledge 
of  the  stimulus  applied  interpret  the 
facial  expressions  elicited  by  sweet  in 
terms  of  satisfaction,  appreciation,  en- 
joyment or  liking,  and  the  responses 
induced  by  bitter  in  terms  of  disgust, 
aversion,  or  disliking.  Thus  these  fa- 
cial expressions  of  neonates  have  clear 
communicational  value  for  adults. 
These  signals  are  to  be  evaluated  as  a 
part  of  the  catalogue  of  non-verbal 
communicational  patterns  broad- 
casted by  the  infant  to  his  mother. 
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Figure  13-1.  T ypical  features  of  the  Gustofacial  Response,  recorded  in  neonate  infants  between  birth  and  the  first  feeding. 
1:  Resting  face.  2:  Reaction  to  distilled  water  (control).  3:  Response  to  sweet  stimulus.  4:  Lip-pursing,  response  to  sour 
stimulus.  5:  Response  to  bitter  stimulus. 


Figure  13-2.  Synopsis  of  the  facial  response  to  tastants  in  normal,  anencephalic 
and  hydro-anencephalic  neonates. 

A)  Resting  face  (without  stimulation).  1 = normal,  2 = anencephalus,  3 = hydro- 
anencephalus. 

B)  Control  face  (dist.  water  stimulation).  l = norm.  2 = anenceph.  3=hy. 
anenceph. 

C)  Sweet- response.  1,2  = norm.  3,4  = anenceph.  5 = hy.  anenceph. 

D)  Sour- response.  1,2  = norm.  3,4  = anenceph.  5=  hy.  anenceph. 

E)  Bitter-response.  1,2,3  = norm.  4,5  = anenceph.  6 = hy.  anenceph. 


178 


Taste  and  Development 
TABLE  13-1 


THE  MOST  CHARACTERISTIC  FEATURES  OF  FACIAL  RESPONSE  TO 
GUSTATORY  STIMULI  AMONG  NORMAL  AND  ANENCEPHALIC  NEONATES 


Feature 

Percentage  of  termbom 
normal  neonates 

Number  of  anencephalic 
nemates 

below  20  hrs. 
n=75 

7-8  days 
n=100 

1-19  days 
n=4 

SWEET 

Retraction  of  mouth  angles 

81 

87 

4 

Clear  expression  of  satisfaction 
resembling  “smile” 

77 

73 

3 

Eager  sucking  with  licking  of 
the  upper  lip 

99 

97 

4 

SOUR 

Pursing  of  lips 

100 

98 

4 

Wrinkled  nose 

77 

73 

2 

Quick  repeated  blinking 

89 

70 

2 

Increased  salivation 

81 

65 

4 

Flushing 

76 

64 

1 

BITTER 


“Arch-like”  lips  with  depression 
of  mouth  angles 

97 

96 

4 

Protrusion  of  flat  tongue 

79 

81 

3 

Salivation  and  spitting 

76 

87 

4 

General  expression  of  “anger” 
and  “dislike” 

79 

86 

3 

Vomiting 

45 

52 

3 

FACIAL  EXPRESSIONS  INDUCED  BY  FOOD  ODORS 


A second  investigation  explores  the 
possibility  that  food  related  odors 
might  also  elicit  discriminative  facial 
expressions  from  the  neonate.  In  this 
context  it  is  perhaps  useful  to  re- 
member that  elements  very  similar  to 
those  elicited  by  pungent  odors  are 
contained  in  the  grimace  and  facial 
play  that  man,  even  civilized  man, 
employs  to  express  aversion  or  dislike. 

This  study  was  carried  out  in 
Philadelphia  in  collaboration  with 


Dr.  Loretta  Finnegan,  director  of  the 
Newborn  Nurseries  at  the  Philadel- 
phia General  Hospital.*  We  finished 
this  study  several  days  prior  to  this 
symposium.  A preliminary  note  on 
these  observations  is  included  in  a dis- 


* This  study  was  carried  out  while  the  author  was  on  a 
sabbatical  leave  from  his  home  institution,  The  Hebrew 
University  Hadassh  School  of  Dental  Medicine, 
Jerusalem,  and  was  appointed  as  Visiting  Associate  Pro- 
fessor at  the  University  of  Pennsylvania  School  of  Dental 
Medicine. 
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I cussion  paper  presented  on  another 
occasion.^® 

Subjects 

The  subjects  are  twenty-five  term- 
born  normal  Caucasian  and  Negro 
neonates  of  both  sexes.  Each  subject  is 
tested  between  birth  and  first  feeding. 
Records  are  made  of  the  resting  or 
unstimulated  face  and  of  the  response 
to  a cotton  swab  dipped  in  the  odor- 
less solvent  used  to  dilute  the  test 
odorants.  Still  and  motion-picture 
photographs  are  taken  under  avail- 
able light  as  in  the  previous  study. 

Stimuli 

Odor  stimuli  sample  the  wide  spec- 
trum of  odors,  related  to  acceptable 
and  unacceptable  nutrients.  Since  real 
foodstuffs  could  not  be  introduced 
into  the  nursery  the  stimuli  are  artifi- 
cial food  flavors,  approved  by  the  U.S. 
Food  and  Drug  Administration.* 

A vanilla  and  a banana  represent 
the  “fruity”  type  of  food  odors  while 
artificial  butter  flavor  represents  the 
“milky”  odors.  Food-related  odors  of 
negative  hedonic  value  are  a concen- 
trated artificial  shrimp  flavor,  which 
smelled  “fishy,”  and  a non- toxic  flavor 
of  rotten  eggs  that  represent  the  smell 
of  rotten  food.  Hedonic  judgements 
of  these  odors  made  by  10  student 
volunteers  on  a 9 category  scale  show 
almost  unanimous  agreement  as  to 
the  pleasantness  of  the  banana,  vanilla 
and  butter  odors.  The  rotten  egg 
flavor  is  clearly  aversive,  but  the  fishy 
odor  is  not  as  clearly  offensive. 


* We  wish  to  express  our  appreciation  to  Firmanich 
Inc.  N.Y.,  for  preparing  and  supplying  the  flavors  used 
as  stimulants  in  this  study. 


The  photographs  of  the  infants  are 
evaluated  by  a panel  of  three  medi- 
cally trained  and  three  naive  judges. 
The  facial  expression  photographs, 
coded  by  number,  are  judged  in  the 
following  terms:  1)  acceptance  (baby 
likes  it,  enjoys  it),  2)  aversion  (baby 
dislikes  it,  it  causes  him  disgust),  3) 
indifference  (judge  cannot  discrimi- 
nate the  particular  reaction  from  the 
resting  face  control).  Table  13-11 
gives  the  coefficients  of  agreement 
and  the  distribution  of  judgments 
among  the  categories  when  responses 
of  25  infants  to  each  of  five  odor 
stimuli  were  judged. 

Findings  and  Conclusion 

Normal  termborn  neonates  of  both 
races  tested  display  differential  facial 
expressions  to  food  related  odor 
stimuli  at  birth,  prior  to  any  feeding 
experience  whatsoever.  This  speaks 
for  the  possibility  that  the  phenome- 
non is  a general  human  reaction  (see 
Figure  13-3). 

The  photographically  documented 
facial  expressions  can  be  easily  inter- 
preted by  observers  and  classified  as 
expressions  of  liking,  enjoyment, 
satisfaction  or  of  dislike,  disgust,  aver- 
sion, respectively.  There  appears  to 
be  valid  communicational  aspects  of 
the  observed  expressions.  One  may 
assume  that  if  an  objective  outsider  is 
able  to  clearly  interpret  the  signals 
emitted  by  the  neonate,  such  signals 
would  be  even  more  effective  for  the 
infant’s  own  mother. 

Facial  expressions  evaluated  by  the 
observers  as  those  of  acceptance  are 
elicited  by  flavors,  that  adults  find 
pleasant.  Those  facial  expressions 
which  are  evaluated  as  reflecting  aver- 
sion are  induced  by  stimuli  which 
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Figure  13-3b.  Facial  expressions  of  infants  in  response  to  odors,  which  are 
unpleasant  to  adults. 
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TABLE  13-11 


JUDGEMENTS  OF  THE  FACIAL  RESPONSES  OF  25  NEONATES 

BY  6 JUDGES 


ODOR  STIMULUS 

Agreement 

coeff 

Distribution  of  judgements  in  % 

Acceptance 

Indifference 

Rejection 

Butter 

0.59 

62 

32 

6 

Banana 

0.35 

55 

25 

20 

Vanilla 

0.63 

46 

46 

8 

Shrimp  (Fishy) 

0.23 

22 

25 

53 

Rotten  eggs 

1.00 

— 

— 

100 

Notes: 

(a)  For  each  stimulus  the  agreement  coefficient  is  a mean  of  the  15  correlation  coefficients  derived  by  correlating 
the  judgements  of  each  of  6 Judges  with  every  other  judge. 

(b)  See  text  for  description  of  categories 


adults  find  pungent  or  disgusting. 
(See  Figure  13-4). 

Even  on  the  basis  of  the  less  than 
perfect  imitation  food  flavors  of  this 
study,  neonates  discriminate  odors 
typical  of  fresh  and  valuable  nu- 
triants,  from  the  odors  of  food  which 
the  adult  would  “instinctively”  reject. 
A hedonic  monitor  system  is  implied. 

Since  the  reaction  can  be  observed 
at  birth  and  such  subjects  could  not 
have  had  any  previous  experience, 
the  reaction  can  be  called  “innate”  or 
“inborn.” 


Evidence  for  the  existence  of  this 
discriminative  facial  play  in  neonates, 
born  with  developmental  malforma- 
tions of  the  CNS  is  not  available  from 
this  series  of  observations.  However, 
by  analogy  with  the  Gustofacial  re- 
sponse, we  assume  that  the  response 
to  olfactory  stimuli  is  possible  without 
participation  of  higher  brain  struc- 
tures, but  at  this  stage  cannot  propose 
what  neural  pathways  are  responsible 
for  it. 


FURTHER  EXPERIMENTS  AND  OBSERVATIONS 


Additional  experimental  projects 
directly  related  to  the  two  studies  just 
described  are  in  progress.  I would  like 
to  mention  them  briefly  and  provide 
some  illustrative  results. 

Observations  on  a 
hydroanencephalic  neonate 

After  completing  the  study  on 
neonatal  response  to  the  food  odors,  I 
had  the  rare  opportunity  to  examine 


another  hydroanencephalic  infant.* 
This  12  day  old  blind  infant  provides 
a further  demonstration  of  the  gusto- 
facial  response.  She  was  also  exposed 
to  some  of  the  odor  stimuli  used  in  the 
previous  study,  and  a good  quality  im- 
itation honey  flavor.  The  artificial 
honey  odor  induced  a long  lasting 


* I wish  to  express  my  heartfelt  thanks  to  Dr.  G.  Szabo, 
Department  of  Pediatrics  at  the  Hadassah  University 
Hospital,  Jerusalem,  for  turning  my  attention  to  this  case 
of  hydro-anencephaly. 
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Figure  13-4.  Facial  expressions  of  5 neonate  infants,  all  of  them  below  6 hours  of 
age.  C is  a response  to  a control  swab  dipped  in  an  odorless  liquid,  BA/VA 
response  to  the  fruity  odor  (banana  or  vanilla),  FI.  response  to  the  fishy  flavor 
(concentrated  artificial  shrimp),  BU.  response  to  a diluted  artificial  butter-flavor 
(representative  of  milky-odor),  R.E.  response  to  the  odor  of  rotten  eggs. 
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impressively  “joyful”  sucking-licking 
reaction  in  this  infant.  It  was  rather 
interesting  and  impressive  to  observe 
the  eager  sucking  that  appeared  im- 
mediately after  the  very  first  sniff  of 
this  flavor.  The  reactions  of  this  infant 
are  illustrated  in  Figure  13-5.  Having 
in  mind  the  importance  of  “sweetish- 
flavors”  as  cues  for  acceptance 
(banana,  vanilla),  one  may  pay  special 
attention  to  the  pictures  illustrating 
the  response  to  honey-flavor.  Thus  in 
at  least  one  case  of  severe  develop- 
mental malformation  of  the  CNS, 
food  related  odors  elicit  facial  expres- 
sions similar  to  those  of  the  termborn 
normal  infants.  Autopsy  findings 
clearly  indicate  that  although  this  in- 
fant’s brainstem  developed  normally 
there  is  a complete  absence  of  cortical 
tissue.  Even  though  the  histological 
evidence  is  still  incomplete,  the  au- 
topsy results  suggest  that  the  site  of 
the  “hedonic  monitor”  responsible  for 
differential  facial  play  to  odorants  is 
subcortical. 

Observations  on  adults 

Our  first  observations  related  to  the 
Gustofacial  Response  were  made  on 
adult  subjects.  Evaluating  these  ear- 
lier observations,  we  made  the  as- 
sumption that  the  Gustofacial  Re- 
sponse, like  many  other  reflexes, 
undergoes  a suppression  during  suc- 
cessive development  of  the  cortical 
functions  and  is  increasingly  inhi- 
bited. Considering  the  communica- 
tional  aspects  of  this  reflex-like  re- 
sponse, one  would  expect  that  the 
reflex  might  continue  to  appear 
under  appropriate  conditions,  where 
it  could  serve  a communicational 
purpose. 

Adults  were  offered  sandwiches 


which  had  been  specially  prepared 
with  margarine  that  was  either 
sweetened  or  salted  (up  to  an  aver- 
sively  high  degree).^  When  eating  in 
groups,  or  under  other  social  condi- 
tions provocative  of  a facial  play,  the 
subjects  display  facial  expressions  re- 
sembling the  neonate’s.  However,  the 
adults  selectively  inhibit  the  facial  re- 
sponses and  do  not  display  them, 
when  eating  alone. 

Observations  on  children 
having  congenital 
carniofacial  malformations 

Children  suffering  from  cranio- 
facial malformations  may  undergo 
rehabilitative  surgical  procedures  that 
involve  massive  reconstruction  of  the 
bony  skull  in  general  and  of  the  fron- 
tal area  in  particular.  Such  patients 
often  lose  the  ability  to  smell  when 
unavoidable  damage  to  the  cribriform 
plate  interrupts  the  olfactory  fila.  It  is 
of  some  practical  importance  in 
evaluation  of  these  procedures  to 
document  the  preoperative  ability  to 
smell  and  taste. 

Our  tests*  of  some  of  these  children 
prior  to  the  rehabilitation  surgery 
suggest  that  the  photographic  record- 
ing of  the  taste-  and  smell-induced  fa- 
cial expressions  may  present  an  easy, 
elegant  and  reliable  way  to  document 
the  child’s  reactivity  to  chemical 
stimuli.  The  practical  application  of 
such  recordings  is  in  two  directions: 
First,  it  is  of  clinical  importance  to  test 
the  functional  state  of  all  senses  prior 
to  a massive  surgery  of  the  head  area. 
Second,  the  precise  investigation  of  all 


* I would  like  to  express  my  heartfelt  thanks  to  Dr. 
Sylvan  Stool,  Head  of  the  Department  of  Otolaryngology 
at  the  Children’s  Hospital  Philadelphia  PA  for  his  collab- 
oration and  very  kinci  help. 
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bitter  fi^  re 


Figure  13-5.  Facial  expressions  of  a 12  day  old  hydro-anencephalic  infant  to 
gustatory  and  olfactory  stimuli,  contr  — left  frame:  without  stimulation,  right 
frame:  a swab  dipped  in  an  odorless  liquid,  d.w  = after  stimulation  with  distilled 
water,  so.  — response  to  sour  stimulus,  sweet  — relaxation  and  licking  as  response 
to  sucrose  solution,  imit.  ho.  a long  lasting  sucking  and  licking  induced  by 
imitation-honey  flavor.  ba.=  response  to  banana  extract,  bitter  — response  to 
bitter  tastant.^i  = aversive  response  to  the  fishy  odor.  r.e.  = aversive  response  to 
the  odor  of  rotten  eggs. 


sensory  and  motor  functions  may 
provide  more  accurate  dating  of  the 
intrauterine  event  causing  the  mal- 
formation. 

Beside  these  practical  applications 
of  the  registration  and  documentation 
of  the  facial  play  induced  by  tastants 
and  odorants,  I think  one  may  draw 
the  following,  more  general  conclu- 
sions from  these  observations: 


The  human  face  and  its  basic  expressive 
play  has  such  profound  communicational 
importance,  that  even  in  an  extremely  dis- 
torted human  face  these  basic  expressive 
features  maintain  their  communicational 
value.  Features  signalling  enjoyment,  satis- 
faction, like,  smile;  or  disappointment,  dis- 
like, aversion,  fear,  respectively,  will  be  easy 
to  read,  even  from  the  most  distorted 
human  face. 


CONCLUDING  COMMENTS 


The  motor  reactions  described  here 
are  stimulus  dependent.  They  are  in- 
tegrated sensory-motor  responses  of 
the  organism,  that  can  be  analyzed 


and  understood  from  several  points 
of  view.  I look  upon  them  as  part  of 
an  innate  catalogue  of  behavioral 
coordinations,  and  seek  to  under- 
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Stand  them  in  terms  of  human  ethol- 
ogy. The  evaluation  of  human  facial 
expression  involves  many  difficulties. 
The  facial  expressions  of  adult  man 
are  part  of  the  extremely  complex 
process  by  which  feelings  and  emo- 
tions are  communicated.  Adults  and 
even  adolescents  learn  to  use  facial 
play  to  express  both  actual  and 
feigned  fluctuations  of  mood  or 
emotion. 

I believe,  that  a basic  catalogue  of 
human  facial  expressions  is  innate. 
From  other  studies  we  have 
learned  that  the  smile  is  neither  a 
learned,  nor  an  imitated  facial  expres- 
sion, but  rather  a communicational 
tool  available  even  to  the  congentially 
blind  child.  Such  children  are  obvi- 
ously deprived  of  the  opportunity  to 
mimic  facial  expressions  of  the  sur- 
rounding adults.  I used  the  term  in- 
nate, but  it  may  be  replaced  by 
another  one,  namely  inborn.  It  is 
rather  difficult  to  use  these  terms, 
without  being  able  to  demonstrate 
that  a phenomenon  labeled  as  innate 
already  exists  in  intrauterine  life.  For 
the  sake  of  clear  definition  I would 
apply  the  term  innate  or  inborn  to 
those  facial  reactions  which  I can 
elicit,  demonstrate  and  describe  as 
present  at  the  time  of  birth.  I have 
good  reasons  to  believe  that  the  basic 
catalogue  of  facial  expressions  are 
motor  coordinations  similar  to  those 
described  and  analyzed  by  the  re- 
markable studies  of  Hooker  and  by 
Humphrey.^ ^ The  expressional  tools 
of  the  facial  play  are  present  at  birth,  I 
think  their  basic  form  is  that  which  we 
can  observe  when  these  motor  coor- 
dinations are  elicited  by  a clearly  de- 
fined isolated  sensory  stimulus. 

Sensory  stimuli  vary  in  quality  and 
quantity  but  they  may  also  have  a 


hedonic  dimension.  If  variation  in  the 
qualitative  and  quantitative  aspects  of 
a sensory  stimulus  can  induce  differ- 
ential responding,  then  the  hedonic 
dimension  of  a sensory  stimulus  may 
lead  to  a differential  response  too.  I 
think  that  hedonics  are  particularly 
closely  related  to  an  organism’s  need 
to  send  out  communicational  signals. 
Such  communication  might  be  di- 
rected to  fellow  members  of  the 
species,  equal  in  biological  rank,  or 
towards  members  having  a special 
hierarchic  ranking  or  a biological 
status  (e.g.  Mother).  Sweetness  seems 
to  mean  acceptability,  acceptance  of  a 
sweet  nutrient  can,  therefore,  lead  to 
satisfaction.  In  this  context  I refer  to 
the  responses  to  sweet-substances  and 
also  to  the  “relaxed  smiley  faces”  in- 
duced by  milky,  fruity  or  honey-like 
odors. 

I would  certainly  stress  that  I think 
that  the  building-blocks  of  the  basic 
facial  expressive  catalogue  are  avail- 
able from  simple  basic  circuitary  of 
the  brain  even  in  the  first  phase  of 
life.  The  gustofacial  response  may  be 
typical.  Based  on  this  assumption,  I 
proposed  the  neural  pathway  I 
sketched  in  the  relevant  study. 
Furthermore,  I believe  that  the  same 
basic  circuits,  activated  in  our  studies 
by  defined  sensory  stimuli  become 
available  to  much  more  complex 
coordinations,  through  learning  and 
other  integrations  of  life  experience. 
The  reflection  of  emotion  by  means  of 
the  same  basic  facial  expressions  is 
possible  through  involvement  of 
higher  brain  circuits.  I think  that  the 
often  tragic  dissociation  between  emo- 
tions and  their  motor  expressions, 
which  one  can  witness  in  chronic  men- 
tal diseases  and  in  association  with  in- 
juries, clearly  reveal  the  interrelation 
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between  certain  motor  processes 
(such  as  facial  expressions)  and 
emotionsd^’^® 

Having  analyzed  the  neonates,  re- 
sponses to  attractive  and  aversive 
chemical  stimuli  in  terms  of  the  action 
of  a hedonic  monitor,  one  might  ask 
whether  this  type  of  stimulus  depend- 
ent response  is  uniquely  human.  I 
offer  some  indirect  evidence  in  sup- 
port of  my  view  that  the  neonates’  re- 
sponses are  a special  case  of  a more 
general  biological  phenomenon  of 
motor  reactions  that  reflect  hedonic 
evaluation  of  chemical  stimuli. 

In  extention  of  the  gustofacial 
study  we  carried  out  animal  exper- 
iments in  which  we  observed 
analogies  of  the  human  gustofacial  re- 
sponse in  cats  and  rabbits.  Extensive 
studies  of  insects  have  demon- 
strated delicate  motor  reactions  re- 
sponsive to  the  “palatability”  of  food. 
Single  cell  organisms  have  been 
known  for  many  decades  to  actively 


migrate  toward  attractive  or  away 
from  repellent  chemical  stimuli.  This 
phenomenon  has  been  termed 
chemotaxis  and  interest  in  it  is  cur- 
rently undergoing  a renaissance. 
Adler  has  even  demonstrated  it  in  the 
bacteria  E.  Co/i.  I see  the  infant’s 
discriminative  facial  reactions  as  a 
very  elaborate  and  complex  example 
of  this  much  more  general,  perhaps 
universal,  phenomenon.  Mentioning 
Adler’s  studies,  I will  conclude  with  an 
anecdote.  I recently  had  the  opportu- 
nity to  talk  with  Julius  Adler.  In  de- 
scribing our  mutual  fields  of  study,  he 
characterized  his  work  as  “dealing 
with  smiling  and  crying  bacteria.”  I 
think  this  jocular  remark  of  Adler’s 
may  reflect  his  more  serious  opinion 
that,  although  completely  different 
with  respect  to  techniques  and  ex- 
perimental subjects,  our  studies 
nonetheless  deal  with  the  same  basic 
phenomenon  of  life. 
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DISCUSSION 


Moskowitz:  There  is  one  problem. 
In  Moncrieffs  whole  series  of  rank- 
ings for  200  or  so  odors,  he  finds  that 
children  under  six  seem  to  be  fairly 
indifferent.^ 

Steiner;  Not  only  is  the  study  of 
Moncrieff  known  to  me,  but  I am  also 


' Moncrieft,  R.W.:  fhe  Chemical  Senses  (Rev.  ed.) 
Cleveland,  Chemical  Rubber  Company,  1967. 


aware  that  Dr.  Engen,  who  is  among 
the  contributors  to  this  volume,  is  of  a 
similar  opinion.  In  contrast  to  their 
views,  based  on  my  own  observations, 
as  presented  here,  it  is  apparent  to  me 
that  the  neonate  can  differentiate  be- 
tween odors  acceptable  or  pleasant  to 
him  and  those  which  are  offensive. 
This  differentiative  ability  is  the  sub- 
strate for  elicitation  of  the  reflex-like 
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behavioral  signs  I described.  Further- 
more, I am  aware  of  the  fact  that 
the  neonate  infant  is  exposed,  from 
the  very  hrst  hours  of  life,  to  influ- 
ences (one  might  label  these  even 
pressures)  which  can  modulate  very 
markedly  the  infant’s  preferences. 
Very  soon,  perhaps  at  the  age  of  sev- 
eral weeks  or  months,  the  developing 
infant  will  display  preferences  to- 
wards chemical  stimuli  he  perceives, 
resulting  from  two  components  a)  the 
I innate  (non-learned)  ones,  which  are 
i reflected  at  birth  by  the  facial  play  and 

b)  the  learned  ones.  The  so  often  de- 

1 • 

scribed  preferences  and  aversions  re- 
spectively, of  young  children  towards 
certain  food,  is  composed  of  the  above 
mentioned  factors. 

I As  to  the  communicational  value  of 

the  facial  expressions  in  response  to 
taste  and  odor  stimuli,  I would  like  to 
refer  to  another  observation.  Project- 
ing slides  or  motion  pictures  of  the 
neonate’s  facial  expressions  to  an  au- 
dience I have  noticed  that  while 
i watching  the  projected  pictures  many 
adults  respond  spontaneously  by 
mimicking  the  projected  grimaces. 

I This  “mirror- grimacing”  (resembling 
i the  “contageous”  properties  of  a yawn 
in  a classroom)  speaks  for  the  com- 
municational value  of  these  basic  ex- 
! pressional  tools. 

' Pfaffmann:  In  the  rat  and  in  ani- 
I mals,  the  olfactory  system  is  still  at  the 
I time  of  birth  only  partially  differ- 
j entiated.  There  is  a lot  of  actual  mi- 

I gration  of  the  neurons  in  the  olfactory 
bulb  to  their  appropriate  locations. 
Now,  what  is  the  state  of  the  olfactory 
bulb  in  the  neonate  human? 

I I Steiner:  As  far  as  I recall,  the  struc- 
i'  ture  of  the  olfactory  bulb  in  the 


human  embryo  can  be  clearly  seen  at 
the  gestational  age  of  six  weeks.  At 
this  stage  the  bulb  is  still  hollow  and 
communicates  dorsally  with  the  lat- 
eral ventricle  of  the  brain.  Then  the 
growing  stalks  become  more  elongate 
and  the  bulb  loses  its  lumen.  I think  it 
is  hard  to  point  to  the  particular  de- 
velopmental stage,  when  the  bulb  can 
be  seen  as  a functional  unit  mature 
for  all  its  complex  tasks,  as  we  know 
this  structure  from  its  functioning 
in  the  adult  human  (or  at  least 
in  the  adult  animal  from  electro- 
physiological  evidences). 

Pfaffmann:  Oh  well,  that  may  be. 
But  what  I’m  talking  about  is  the 
internal  structure  of  the  olfactory 
bulb  and  I would  guess  that  actual 
migration  and  functional  develop- 
ment is  continuing  after  birth.  That  is 
an  important  point  we  ought  to  be 
clear  about  because  it  suggests  that  in 
fact  those  olfactory  pictures  are  noth- 
ing as  impressive  as  your  gustatory 
ones.  The  interrelations  between 
stimuli  and  actual  growth  of  neurons 
going  on  in  the  early  stages  is  some- 
thing I think  you  ought  to  look  at  and 
clarify  from  a neurological  point  of 
view.  This  is  the  one  part  of  the  brain 
that  is  still  in  an  embryonic  state  in 
many  animals.  In  these  neonatal 
animals  you  actually  have  growth  and 
proliferation  of  dendrites. 

Steiner:  Unfortunately,  I don’t 

knpw  of  any  experimental  study  es- 
tablishing reliable  correlation  between 
structural  and  functional  growth  of 
the  olfactory  apparatus  in  man.  Such 
an  investigation  would,  of  course,  be 
basic  but  it  would  very  difficult  to 
carry  out. 


I 


Chapter  14 


FROM  REFLEX  TO  REPRESENTATION: 
TASTE-ELICITED  TONGUE  MOVEMENTS  IN 
THE  HUMAN  NEWBORN 


Geoffrey  H.  Nowlis 


This  paper  presents  some  data  on 
the  effects  of  various  sugar  solutions 
on  tongue  movements  during  human 
neonatal  sucking  in  the  context  of 
three  theoretical  notions.  This  context 
is  offered  in  the  spirit  of  the  great 
mathematical  physicist,  Sir  Arthur 
Eddington,  who  cautioned,  “Never 
trust  a fact  unless  it  is  supported  by 
theory.” 

The  first  notion  is  that  those  three 
cranial  nerves  whose  visceral  sensory 
branches  have  maintained  through- 
out phylogeny  a chemosensitive  func- 
tion are,  in  the  vertebrates,  the  affer- 
ent limbs  of  alimentary  reflexes  of  in- 
take and  rejection.  Of  these  three 
nerves,  the  tenth,  ninth  and  seventh, 
the  tenth  has  already  been  shown  to 
provide  the  chemosensitive  afferents 
innervating  reflex  stomach  empty- 
ing.^ I have  proposed  that  the 
chemosensitive  branch  of  the  ninth 
nerve  is  the  afferent  limb  of  an  oral 
rejection  reflex  by  which  the  contents 
of  the  mouth  are  expelled  by  the 
tongue.  The  seventh  nerve  is  the 


chemosensitive  branch  of  the  afferent 
limb  of  an  intake  reflex  by  which 
fishes  take  food  into  the  mouth. ^ I 
have  proposed  that  in  higher  ver- 
tebrates the  chemosensitive  branch  of 
the  seventh  nerve  is  the  afferent  limb 
of  an  intake  reflex  in  which  food  is 
propelled  from  the  front  of  the 
mouth  back  toward  the  receptive  field 
for  swallowing  in  the  pharynx.  The 
palatability  of  a given  gustatory 
stimulus  can  then  be  defined  as  the 
relative  degree  to  which  these  two  re- 
flexes of  oral  intake  and  rejection  are 
elicited  by  that  stimulus,  a balance 
which  is  in  turn  dependent  on  the  dif- 
ferent sensitivities  of  the  seventh  and 
ninth  nerves  to  different  tastes. 

The  second  notion  is  that  one  of  the 
ways  that  the  hypothalamic  regulatory 
centers  express  their  control  over 
food  intake  is  by  selectively  facilitating 
or  inhibiting  one  reflex  over  the 
other,  producing  a predisposition  to- 
ward intake  in  the  case  of  hunger,  and 
toward  rejection  in  the  case  of  satia- 
tion. If  this  is  the  case,  we  should  ex- 
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pect  the  oversensitivity  to  taste  that 
has  been  observed  in  the  hyperphagic 
hypothalamically  lesioned  rat  ^ and  in 
obese  humansd^  That  is,  without  ros- 
tral control  over  such  reflexes,  the  de- 
cision to  ingest  or  not  to  ingest  should 
i;  be  determined  rather  strictly  by  the 
stimulus  activating  the  reflexes.  In 
l'  this  circumstance,  a gustatory 
j stimulus  which  activates  an  accept- 
I ance  reflex  to  a greater  extent  than  a 
j rejection  reflex  should  be  ingested,  as 
long  as  ingestion  remains  possible. 
Similarly,  a gustatory  stimulus  which 
I elicits  a rejection  reflex  to  a greater 
? extent  than  it  does  an  acceptance 
reflex  should  determine  quite  strictly 
that  the  substance  not  be  ingested.  If 
such  reflexes,  in  the  normal  intact  or- 
ganism, are  under  the  tonic  control  of 
the  hypothalamus,  they  might  be  in- 
i hibited  or  facilitated  according  to  in- 
formation from  blood  chemistry  al- 
lowing ingestive  behavior  to  be  mod- 
ulated according  to  the  state  of  the 
organism  and  freeing  behavior  from 
strict  determination  by  the  properties 
of  the  peripheral  stimulus. 

The  third  notion  is  that  complex 
behavior  toward  palatable  and  un- 
palatable substances,  behavior  involv- 
ing choice  and  judgment,  might  be 
based  on  simple,  compelled  reflexes 
of  acceptance  and  rejection  like  the 
ones  I shall  be  describing.  In  its 
broadest  context,  it  amounts  to  an  ex- 
tremely simple  neurological  model  of 
affect  or  emotion.  For  the  moment, 
we  may  view  it  as  an  hypothesis  con- 
cerning the  way  in  which  adaptive  re- 
flexes of  the  brainstem,  such  as  those 
involved  in  feeding,  drinking,  fight- 
ing, fleeing,  and  sexual  behavior,  may 
become  represented  as  uniquely  de- 
fined states  of  the  nervous  system  in 
the  activity  of  neurons  which  inhibit 


the  specific  reflexes  which  are  elicited 
by  the  current  stimulus  situation. 

The  reflex  is  a much  maligned  con- 
cept among  those  who  wish  to  under- 
stand the  behavior  of  human  beings 
and  other  advanced  vertebrates.  Very 
little  of  the  adult  intact  mammal’s  be- 
havior seems  to  be  as  automatically 
compelled  by  an  environmental  stim- 
ulus as  would  seem  implicit  in  the  no- 
tion of  a reflex.  Yet  it  is  interesting 
that  many  of  the  affective  judgments 
that  we  make,  such  as  that  one  food 
tastes  good  and  another  tastes  bad, 
seem  to  be  as  certainly  and  unavoid- 
ably compelled  as  are  the  more  overt 
behavioral  manifestations  of  a reflex. 
I shall  contend  that  all  that  is  logically 
necessary  to  transform  a compelled 
reflex,  such  as  a reflexive  rejection 
movement  of  the  tongue,  into  an  af- 
fective judgement  that  its  eliciting 
stimulus  tastes  bad,  is  to  inhibit  it. 
This  will  follow  from  the  observation 
that  in  order  to  turn  off  one  part  of 
the  nervous  system,  another  part  of 
the  nervous  system  has  to  turn  on. 
Thus,  the  neural  activity  required  to 
inhibit  reflex  rejection  would  repre- 
sent an  affectively  negative  judge- 
ment of  the  stimulus  while  that  which 
inhibits  an  acceptance  reflex  would 
represent  an  affectively  positive 
judgement.  The  development  of  the 
capacity  to  make  such  transforma- 
tions would  seem  to  be  one  of  the 
most  important  steps  in  the  be- 
havioral development  of  the  mamma- 
lian nervous  system.  One  of  the  main 
purposes  of  this  paper  is  to  suggest 
that  the  ideal  behavioral  system  in 
which  to  study  this  aspect  of 
neurobehavioral  development  is  that 
system  whereby  we  categorize  gusta- 
tory stimuli  as  to-be-ingested  or  to- 
be-rejected. 
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SOME  VERTEBRATE  FEEDING  MECHANISMS 


Shortly  after  I arrived  at  the  notion 
of  two  mammalian  tongue  reflexes  of 
acceptance  and  rejection,  I came 
across  the  remarkable  behavioral  and 
neuroanatomical  work  on  ingestive 
reflexes  in  fishes  ^ begun  in  the  late 
1800’s  by  the  great  comparative 
neurologist,  C.  Judson  Herrick.  I 
have  yet  to  encounter  as  thorough 
and  insightful  an  analysis  of  the 
anatomical  basis  of  behavior.  Begin- 
ning with  the  observation  of  taste 
buds  distributed  on  the  outer  surface 
of  the  body  in  many  species  of  fishes, 
Herrick  turned  to  an  investigation 
both  of  the  central  connections  of 
these  taste  buds  and  of  the  behavioral 
significance  of  the  particular  location 
of  the  taste  buds.  All  such  cutaneous 
taste  buds  were  shown  to  connect  with 
the  brainstem  via  the  seventh  cranial 
nerve,  whether  they  were  located  in 
the  lips,  the  fins,  the  whisker-like 
bardlets  of  the  catfish,  or  the  pectoral 
fins  of  the  cod,  and  related  species. 
This  is  the  nerve  which  innervates  the 
taste  buds  of  the  anterior  two-thirds 
of  the  mammalian  tongue.  The  taste 
buds  on  the  fish’s  tongue,  which  is 
roughly  homologous  to  the  posterior 
one-third  of  the  mammalian  tongue, 
are  connected  to  the  brainstem  via  the 
ninth  cranial  nerve.  The  fibers  of 
these  two  nerves  enter  at  different 
levels  a distinct  fiber  bundle  known  as 
the  solitary  tract. 

In  a series  of  behavioral  studies, 
Herrick  demonstrated  that  for  each 
configuration  of  external  taste  buds, 
there  existed  a different  reflex  of 
food  intake.  For  example,  in  the 
catfishes,  stimulation  of  the  bardlets 
with  either  a tactile  or  a gustatory 
stimulus  elicited  a lateral  movement 


of  the  body  in  the  direction  of  the 
stimulus  and  an  opening  and  closing 
of  the  mouth  on  the  stimulus  source. 
Careful  experimentation  demon- 
strated that  this  reflex  was  indepen- 
dently elicited  by  tactile  and  gustatory 
stimulation.  In  the  codfish,  when  the 
taste  buds  of  the  pectoral  fins  were 
stimulated,  there  was  a reversal  of 
forward  movement  and  a downward 
movement  toward  the  source  of 
stimulation.  For  these,  and  for  several 
other  configurations  of  intake  reflexes 
in  other  fishes,  Herrick  demonstrated 
connections  between  the  seventh 
nerve  taste  fibers  and  the  appropriate 
motor  neurons  for  the  specific  intake 
movements.  The  important  point  for 
this  discussion  is  that,  no  matter  what 
the  configuration  of  the  reflex,  all  re- 
flexes of  intake  had  as  their  afferent 
limb  the  seventh  cranial  nerve.  The 
primitive  tongue  of  fishes  has  taste 
buds  innervated  by  the  ninth  cranial 
nerve  and  is  apparently  used  primar- 
ily for  rejection.  In  species  adapted 
for  bottom  feeding,  mouthfuls  of 
mud  and  debris  are  taken  in  along 
with  potential  food,  most  of  which 
must  be  rejected.  These  species  have 
evolved  an  enormous  palatal  or- 
gan, with  taste  buds  innervated  by 
the  ninth  nerve,  to  accomplish  this 
rejection. 

Taste  buds  on  the  tongue  of  reptiles 
and  amphibians  are  usually  inner- 
vated by  the  ninth  nerve.  In  mam- 
mals, a new  adaptation  for  feeding 
has  been  added  in  the  form  of  the 
anterior  two-thirds  of  the  tongue. 
This  is  an  exquisitely  mobile  organ 
which  serves  to  position  food  ® with 
respect  to  the  teeth  and  with  respect 
to  the  receptive  field  for  swallowing. 
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further  back  in  the  pharynx. With 
no  external  taste  buds,  the  behavioral 
decision  to  accept  or  reject  food  on 
the  basis  of  taste  must,  in  the  mam- 
mal, employ  the  tongue.  It  is  perhaps 
no  accident  that  this  new  portion  of 
the  tongue  has  its  taste  buds  inner- 


vated by  the  seventh  nerve,  with  its 
phylogenetic  history  of  sensitivity  to 
substances  appropriate  for  ingestion. 

The  relevant  human  neuroanatomy 
is  schematically  represented  in  Figure 
14-1.  Gustatory  information  from  the 
seventh  nerve  enters  the  rostral  por- 


BRAIN  STEM 
ANTERIOR 


TONGUE 

Figure  14-1.  Schematization  of  structures  which  may  be  involved  in  taste- 
elicited  tongue  reflexes. 
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tion  of  the  nucleus  of  the  solitary 
tract.  Further  back,  the  gustatory  in- 
formation from  the  ninth  nerve  is 
represented.  Directly  ventral  and  me- 
dial to  this  sensory  nucleus  lies  the 
hypoglossal  nucleus,  responsible  for 
motor  innervation  of  the  tongue. 
Electrical  stimulation  of  the  rostral 
portion  of  this  motor  nucleus  in  the 
cat  evokes  an  inward  movement  of  the 
tongue,  while  stimulation  further 
back  elicits  tongue  protrusion.® 

Although  both  of  these  gustatory 
nerves  along  with  the  tongue  areas 
they  supply  are  responsive  to  some 
degree  to  each  of  the  four  basic  tastes, 
there  appear  to  be  systematic  differ- 
ences in  their  relative  sensitivity. 
Thus,  according  to  classical  ac- 
counts,^^  the  tip  of  the  tongue  is  most 
sensitive  to  sweet,  and  further  back, 
but  still  within  the  receptive  zone  of 
the  seventh  nerve,  it  is  most  sensitive 
to  salt.  Still  further  back,  sour  is  more 
strongly  represented.  Once  the  transi- 
tion is  made  to  the  area  of  the  ninth 
nerve,  bitterness  predominates.  Thus, 
both  in  terms  of  the  anterior- 
posterior  distribution  within  the  sev- 
enth nerve  receptive  held,  and  in 
terms  of  the  more  distinct  transition 
from  the  seventh  to  ninth  nerve 
zones,  the  input  to  the  nucleus  of  the 
solitary  tract,  following  the  topo- 
graphic organization  of  the  tongue,  is 
biased  rostrally  in  favor  of  sweet  and 
salt,  which  are  preferred  in  moder- 
ately concentrated  aqueous  solutions 
to  plain  water  by  most  species,  and 
caudally  in  favor  of  bitter  and  sour,  to 
which  water  is  generally  preferred.^® 
The  reflex  theory  of  palatability 
suggests  that  to  the  extent  that  gusta- 
tory impulses  are  sent  to  the  rostral 
portions  of  the  nucleus  of  the  solitary 
tract,  intake  activity  should  be  evoked. 


To  the  extent  that  gustatory  impulses 
are  sent  to  the  caudal  portions  of  this 
nucleus,  rejection  activity  should  be 
evoked.  Thus,  the  activity  evoked  by  a 
given  gustatory  stimulus  in  the 
seventh  nerve,  weighted  according  to 
the  anterior-posterior  location  within 
this  receptive  zone  of  the  maximal 
sensitivity  for  this  taste,  minus  the  ac- 
tivity evoked  by  this  stimulus  in  the 
ninth  nerve,  should  yield  a quantita- 
tive estimate  of  the  palatability  of  the 
stimulus.  I shall  illustrate  this  proce- 
dure later. 

Philip  Bard  and  his  student  Martin 
Macht  have  studied  the  feeding  be- 
havior of  the  chronic  decerebrate 
cat,^’®  a preparation  left  with  basically 
the  remnant  of  the  brain  illustrated  in 
Figure  14-1.  Immediately  after  de- 
cerebration, food  placed  on  the  front 
of  the  tongue  elicits  no  behavior. 
After  about  two  weeks,  however, 
palatable  food  such  as  a chunk  of  liver 
is  taken  further  into  the  mouth  by  a 
movement  of  the  tongue  and  elicits 
reflex  swallowing.  Adulteration  of 
these  liver  chunks  with  various  taste 
solutions  causes  the  liver  to  be  ex- 
pelled from  the  mouth  instead  of 
being  swallowed,  reportedly  at  the 
same  concentrations  at  which  an  in- 
tact cat  avoids  these  tastes. 

I have  electrically  stimulated  the 
seventh  and  ninth  nerve  areas  of  the 
tongue  of  decerebrate  cats  and  regu- 
larly elicited  movements  of  the  tongue 
which  conform  to  my  notion  of  an 
acceptance  and  a rejection  reflex. 
Stimulation  of  the  ninth-nerve- 
innervated  circumvallate  papillae  elic- 
ited an  outward  movement  of  the 
tongue  with  an  upward  arching  of  its 
posterior  segment.  Stimulation 
of  the  anterior  portions  of  the 
tongue  elicited  a movement  in 
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which  the  tip  and  edge  of  the  tongue 
curled  upward  ipsilaterally  and  an 
inward  movement  of  the  whole 
tongue.  The  stimulation  in  these  in- 
stances was  as  likely  of  somatosensory 
as  of  gustatory  receptors,  but  this 
work  will  be  continued  with  cats  which 


have  survived  the  two  weeks  necessary 
for  the  return  of  gustatory  respon- 
siveness. Preliminary  studies  in  de- 
cerebrate rats  indicate  that  taste  re- 
sponsivity  may  be  recovered  earlier  in 
this  species  than  in  the  cat.* 


TASTE  RESPONSE  IN  THE  HUMAN  NEWBORN 


Against  the  background  of  these 
observations,  William  Kessen  and  I 
began  a study  of  taste-elicited  move- 
ments of  the  anterior  and  posterior 
tongue  in  one-  and  two-day  old 
human  babies.^®  Since  so  many  re- 
flexes are  present  in  newborns  which 
disappear  during  maturation,  such  a 
study  seemed  an  ideal  way  to  test  the 
relevance  of  the  reflex  model  of 
palatability  to  human  beings.  We  also 
felt  that  it  would  provide  a potential 
psychophysics  of  these  two  areas  of 
the  newborn’s  tongue,  and  that  a 
comparison  of  the  psychophysical 
functions  for  anterior  and  posterior 
tongue  could  yield  an  estimate  of  the 
infant’s  preferences  and  aversions  for 
various  tastes. 

Our  need  to  record  pressures  inde- 
pendently from  the  front  and  back  of 
the  tongue  imposed  several  con- 
straints on  the  form  of  the  pressure- 
transducing  nipple  we  have  been  de- 
veloping. First,  in  order  to  ensure  in- 
dependent compression  of  the  two 
sensitive  areas  of  the  nipple,  it  had  to 
be  relatively  rigid.  Second,  in  order  to 
measure  the  pressure  from  the  back 
of  the  tongue,  the  nipple  had  to 
be  long  enough  to  protrude  rather 
deeply  into  the  infant’s  mouth.  Figure 
14-2  shows  a highly  schematized 
drawing  of  the  head  and  oral  cavity  of 
a newborn  infant,  derived  from 
sketches  and  castings  of  the  oral  cavity 
of  a cadaver.  The  arrow  indicates  the 


approximate  point  of  transition  be- 
tween the  anterior  and  posterior  por- 
tions of  the  tongue  of  the  newborn, 
beyond  which  the  nipple  must  in- 
trude. Third,  in  order  not  to  elicit 
gagging  and  the  accompanying  rejec- 
tion movements  of  the  tongue  with 
the  tactile  stimulation  from  the  rigid 
nipple  itself,  it  had  to  be  made  as  un- 
obtrusive as  possible,  thus  accounting 


Figure  14-2.  Schematized  mid-saggital  view 
of  newborn  infant’s  head,  showing  tongue  in 
oral  cavity.  Recording  nipple  apposes  palate 
and  protrudes  into  mouth  as  far  as  arrow. 


*Among  the  few  decerebrate  rats  tested  to  date,  small 
amounts  of  applesauce  placed  in  the  mouth  2-3  days 
post-operatively  elicited  tongue  and  jaw.  movements 
whereby  some  of  the  applesauce  was  eventually  swal- 
lowed. Applesauce  adulterated  with  quinine  appeared 
more  likely  to  end  up  outside  the  mouth.  These 
observations  require  repetition  and  quantification. 
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for  the  tapering  tip  and  the  dorsal 
arch  of  the  nipple,  designed  to  con- 
form to  the  shape  of  the  palate  (see 
Figure  14-3).  In  addition  to  the  three 
tubes  shown  in  Figure  14-3,  the  nip- 
ple has  a fourth  tube  for  delivery  of 
fluids,  parallel  to  the  one  for  measur- 
ing negative  pressure  in  the  mouth. 
The  system  is  arranged  so  that  nega- 
tive pressure  in  the  infant’s  mouth  de- 
livers the  fluid  to  the  mouth. 

Figure  14-4  is  a sample  of  data 
from  the  three  recording  channels  of 
the  nipple,  obtained  while  the  infant 
was  offered  the  standard  hospital 
formula.  The  main  point  of  this 
figure  is  to  demonstrate  that  the  two 
tongue  pressure  channels  are  measur- 
ing events  whose  peak  amplitudes  are 
offset  from  one  another  in  time.  This 
is  an  important  rationale  for  speaking 
of  two  different  tongue  responses.  A 
burst  of  sucking  may  begin  with  a few 
low  amplitude  sucks  typically  followed 
by  stronger  and  stronger  sucks,  build- 


ing up  to  a peak  amplitude  which  is 
maintained  for  a number  of  sucks. 
The  amplitude  then  decreases  for  the 
final  few  sucks  of  the  burst. 

We  have  found  consistently  that 
more  concentrated  sugar  solutions 
elicit  anterior  tongue  movements  of 
greater  peak  amplitude  than  do  less 
concentrated  solutions,  and  that  dif- 
ferent sugars  vary  in  their  capacity  to 
affect  tongue  pressure.  This  situation 
is  summarized  in  Figure  1"1— 5.  The 
four  stimuli  employed  were  2% 
(0.058M)  and  4%  (0.117M)  sucrose. 


Figure  14-4.  Sample  of  pressure  variations  from  front  and  back  of  tongue 
and  vacuum  in  mouth  during  newborn’s  sucking  while  being  fed  standard 
hospital  formula.  Two  horizontal  divisions  equal  one  second.  Vertical  axis  is  not 
calibrated. 
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Figure  14-5.  The  four  data  points  are 
tongue  pressure  scores  (left  ordinate)  for  the 
four  sugar  solutions  given  to  infants.  The  two 
lines  (from  Moskowitz  are  adult 
psychophysical  functions  (right  ordinate). 
From  Nowlis  and  Kessen.^® 

and  5%  (0.277M)  and  10%  (0.555M) 
glucose.  Using  5%  glucose  as  a stand- 
ard, we  tested  seventy-five  healthy 
full-term  infants  with  a variety  of  gus- 
tatory stimuli.  The  data  summarized 
in  Figure  14-5  are  from  all  infants 
who  received  at  least  one  other  sugar 
concentration  in  addition  to  the 
standard.  The  anterior  tongue  pres- 
sure score  is  derived  by  taking  the 
mean  amplitude  of  the  strongest  ten 
sucks  to  a given  concentration,  and 
dividing  that  by  the  mean  amplitude 
of  the  strongest  ten  sucks  to  the 
standard  glucose  concentration  for 
that  infant. 

Two  features  of  these  data  are  im- 
mediately apparent.  First,  amplitude 
of  anterior  tongue  pressure  is  for 
both  sugars  a direct  function  of  sugar 
concentration;  as  sugar  concentration 


= doubles,  there  is  a near  doubling  of 
p-  tongue  pressure.  Second,  at  least  at 
I the  concentrations  we  employed,  su- 
I crose  is  a more  effective  stimulus  than 
“ glucose.  A comparison  with  adult  re- 
I spouses  to  varying  concentrations  of 
I these  two  sugars  can  be  derived  from 
i the  two  sweetness  magnitude  estima- 
g tion  functions^  ^ superimposed  on 
i Figure  14-5.  There  is  a remarkable 
« similarity  in  slope  and  relative  height 
E between  the  psychophysical  curves 
i and  those  implicit  in  the  four  data 
p points  from  the  infant  tongue  pres- 
I sure  responses.  One  of  the  advantages-, 
of  this  pressure  measurement  tech- 
nique is  that  we  can  get  good  informa- 
tion from  our  subjects  with  a very 
brief  sample  of  behavior,  and  hence 
can  limit  the  amount  of  a given 
stimulus  offered  for  tasting  to  two 
milliliters.  This  means  that  we  can  test 
a single  infant  with  a number  of  dif- 
ferent stimuli  in  a relatively  brief 
session. 

When  a 10“^  M solution  of  quinine 
hydrochloride  is  offered,  the  bout  of 
rhythmic  sucking  is  disrupted  within  a 
few  sucks.  This  is  usually  followed  by 
isolated  movements  of  the  posterior 
tongue  which  exert  a sustained  pres- 
sure against  the  nipple  for  one  or  two 
seconds.  We  have  not  yet  explored 
many  different  concentrations  of  un- 
pleasant tasting  stimuli.  One  reason  is 
that  the  current  version  of  the  record- 
ing nipple  is  most  sensitive  to  those 
movements  of  the  posterior  tongue 
which  are  directed  upward,  toward 
the  palate,  whereas  the  gross  move- 
ments of  rejection  we  can  feel  as  we 
hold  the  nipple  in  the  infant’s  mouth 
are  definitely  and  consistently  di- 
rected outward,  tending  to  push  the 
nipple  out  of  the  mouth.  This  particu- 
lar movement  registers  only  feebly 
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and  inconsistently  with  the  current  able  to  elicit  a rhythmic  sucking  in 
version  of  the  nipple,  which  is  being  some  infants  in  which  the  posterior 
modihed  to  record  the  rejection  tongue  participates  well  and  the 
movements  more  accurately.  How-  anterior  tongue  participates  little, 
ever,  by  producing  mixtures  of  if  at  all,  according  to  our  pressure 
quinine  and  sucrose,  we  have  been  measurements. 

FROM  REFLEX  TO  PALATABILITY 


The  manner  in  which  we  hope  to 
combine  the  measurements  from  the 
front  and  back  of  the  infant’s  tongue 
to  yield  an  estimate  of  palatability  can 
be  illustrated  with  physiological  and 
behavioral  data  from  the  work  of 
Pfaffmann  and  his  colleagues  with  the 
laboratory  rat.  Preference-aversion 
curves  are  derived  using  the  two- 
bottle  preference  test,^“  in  which  one 
of  the  available  bottles  contains  plain 
water.  The  rat  is  said  to  prefer  the 
solution  to  plain  water  if  it  drinks 
more  than  hfty  percent  of  its  daily 
fluid  from  the  bottle  containing  that 
substance,  or  an  aversion  for  that  sub- 
stance if  less  than  half  of  its  total  fluid 
intake  is  from  that  bottle.  Figure 
14-6  depicts  such  preference- 
aversion  curves  for  four  basic  gusta- 
tory stimuli.  Figure  14-7  compares 
the  integrated  whole  nerve  activity 
from  the  rat’s  seventh  nerve  (chorda 
tympani)  and  ninth  nerve  (glosso- 
pharyngeal) nerve,  from  studies  by 
Pfaffmann,  Fisher  and  Frank. Let  us 
concentrate  for  a moment  on  the 
curves  for  sodium  chloride. 

Notice  that  in  response  to  sodium 
chloride  the  activity  in  the  ninth  nerve 
begins  to  increase  at  a higher  concen- 
tration than  does  that  in  the  seventh 
nerve,  but  the  ninth  nerve  activity  in- 
creases at  a steeper  rate.  Thus,  at 
lower  concentrations  of  salt,  there  is 
more  seventh  nerve  activity,  while  at 
higher  concentrations,  there  is  more 


ninth  nerve  activity.  Figure  14—8  illus- 
trates the  simple  procedure  of  sub- 
tracting the  curve  of  ninth  nerve  activ- 
ity to  salt  from  that  of  the  seventh 
nerve  activity.  When  the  difference 
between  the  two  curves  is  positive 


Figure  14—6.  Composite  graph  of  preference- 
aversion  functions  and  integrated  whole 
chorda  tympani  responses  in  the  rat.  The 
upper  half  shows  percentage  intake  of  the 
taste  solution  as  a function  of  concentration. 
The  lower  half  shows  chorda  tympani  re- 
sponses in  arbitrary  units.  (From 
Pfaffmann  ‘®) 
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Figure  14-7.  Composite  graph  showing  inte- 
grated whole  nerve  responses  in  arbitrary 
units  from  rat  glossopharyngeal  nerve  (top 
half)  and  rat  chorda  tympani  (lower  half),  as  a 
function  of  concentration  of  solutions  of 
quinine  hydrochloride  (bitter),  hydrochloric 
acid  (sour),  sodium  chloride  (salty),  and  su- 
crose (sweet).  (From  Pfaffmann,  Fisher,  and 
Frank*®) 

I (seventh  greater  than  ninth)  this  dif- 
|i  ference  is  plotted  above  the  fifty  per- 
i}  cent,  or  neutral  palatability  level,  as  an 
increment  in  palatability.  When  the 
difference  is  negative,  it  is  plotted 
below  th«  fifty  percent  level,  as  a dec- 
rement in  palatability.  The  resultant 
theoretical  curve  bears  a remarkable 
resemblance  to  the  sodium  chloride 
preference-aversion  curve  for  the  rat 
shown  in  Figure  14-7.  This  simple 


method  can  produce  theoretical 
curves  which  correspond  quite  well  to 
the  empirical  palatability  curves  if  one 
assumes  that  the  important  variable  is 
the  rostral-caudal  focus  within  the  sol- 
itary tract,  as  discussed  earlier,  so  that 
the  contribution  of  the  seventh  nerve 
for  a particular  taste  should  be 
weighted  more  positively  the  further 
anteriorly  that  taste  is  represented  on 
the  tongue  (and  hence,  presumably, 
in  the  solitary  nucleus). 


Figure  14-8.  Schematization  of  derivadon  of 
rat  preference-aversion  function  for  sodium 
chloride  from  neural  activity  functions. 

A.  Integrated  whole  nerve  responses  in 
seventh  and  ninth  nerves  as  a function 
of  concentration  of  sodium  chloride, 
replotted  from  data  presented  in  Fig- 
ure 4 of  Pfaffmann  et  al.*® 

B.  “Preference-aversion”  function  for 
sodium  chloride,  derived  by  subtracting 
ninth  nerve  activity  from  seventh  nerve 
activity  at  the  points  indicated  by  verti- 
cal lines. 
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If  these  palatability  functions  are, 
indeed,  based  on  a comparison  of  in- 
formation from  the  seventh  and  ninth 
nerves  cutting  one  nerve  or  the  other 
should  eliminate  the  positive  or  nega- 
tive portion  of  these  functions.  That 
this  is  not  the  case  in  otherwise  intact 
rats  was  demonstrated  some  years 
ago.^^  Preference  functions  were  not 
appreciably  altered  unless  both 
seventh  and  ninth  nerves  were  cut. 
One  likely  reason  for  this  is  that  intact 
mammals  very  quickly  learn  altera- 
tions in  their  preferences  and  aver- 
sions for  tastes.  Many  of  these  learned 
palatability  alterations  have  been  re- 
cently shown  to  be  eliminated  (and 
many  relearnable),  following  removal 
of  the  gustatory  cortex.^  It  is  reason- 
able to  assume  that,  as  the  organism 
experiences  reflexive  rejections  and 
acceptances  of  various  tastes,  it  learns 
the  reflexive  hedonic  value  of  given 
concentrations  of  given  tastes.  Using 
the  technique  of  Garcia,  I have 
shown  that  a single  association  of  a 
given  concentration  of  salt  with  a 
nauseating  event  produces  a learned 
aversion  which,  although  it  general- 
izes to  other  concentrations,  has 
nonetheless  a significant  specificity  to 
that  concentration  of  salt.  Information 
about  the  concentration  of  tastes 
reaches  the  cortex  via  either  the 
seventh  or  ninth  nerve.  If  the  reflex- 
ively  based  preferences  and  aversions 
are  associated  with  the  representation- 
of  their  concentrations  in  the  gusta- 
tory cortex,  we  might  expect  the  ani- 
mal with  intact  cortex  to  express  this 
now  learned  preference  with  infor- 
mation about  concentration  from  only 
one  of  the  nerves. 

It  was  with  this  notion  in  mind  that 
I began,  with  J.  Braun,  a series  of 
studies  on  the  palatability  behavior  of 


rats  with  gustatory  cortex  removed. 
Although  we  have  not  yet  done  the 
study  involving  cutting  the  seventh  or 
ninth  nerve,  I would  like  to  mention 
some  of  the  results  of  our  first  study, 
because  they  indicate  quite  strongly 
that  the  basic  nerual  circuitry  for 
preferences  and  aversions  exhibited 
by  the  intact  rat  is  sub-cortical.  We 
compared  the  preference-aversion 
functions  of  two  groups  of  rats,  one 
intact  and  one  with  the  gustatory  cor- 
tex bilaterally  removed.  We  used  a 
fifteen-minute  one-bottle  preference 
test  in  this  study  because  we  reasoned 
that  if  the  memory  for  which  bottle 
contained  which  solution  in  a two- 
bottle  test  were  at  all  dependent  on  an 
intact  cortex,  we  would  be  stacking 
the  cards  against  our  animals  with 
cortical  ablations  being  able  to  express 
their  preferences  if  we  used  two- 
bottle  tests.  The  results  were  quite 
clear.  Although  some  systematic  dif- 
ferences appeared,  the  animals  with 
cortical  ablations  showed  very  normal 
looking  preference  and  aversion 
curves,  ones  which  resembled  not 
only  the  curves  of  the  intact  rats,  but 
also  were  strikingly  similar  to  both  the 
theoretical  curves  and  the  empirical 
functions  for  intact  rats  based  on  the 
two-bottle  choice  situation  illustrated 
in  Figure  14-6. 

Interestingly  the  older  parts  of  the 
rat’s  brain  are  capable  of  producing 
preferences  and  aversions  which  are 
essentially  similar  to  those  from  rats 
with  an  intact  brain.  It  is  equally  in- 
teresting that  one-  and  two-bottle  tests 
produce  such  similar  results.  The  only 
means  by  which  a rat  can  express  its 
preferences  in  a one-bottle  test  is  by 
either  changing  its  rate  of  lapping,  or 
by  stopping  sooner  or  later  in  the 
brief  test  period.  In  the  two-bottle 


From  R^ex  to 

I test,  amount  drunk  of  the  flavored 
I solution  is  dependent  not  only  on 
'[  these  variables,  but  also  on  the  deci- 
sion to  return  to  a given  bottle  which 
some  minutes  or  hours  ago  was  dis- 
' covered  to  contain  a palatable  sub- 
' stance,  or  to  search  out  that  bottle 
j when  water  is  discovered  in  the  other. 

! The  similarities  in  the  preference  and 
i aversion  functions  based  on  both 
these  techniques,  and  between  these 
and  those  from  rats  lacking  gustatory 
l'  neocortex,  suggests  to  me  that  there  is 
some  common  neural  event  underly- 
I ing  the  preference  behavior  in  all  of 
I 
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these  empirical  situations.  I would 
suggest  that  that  neural  event  is  a 
monitoring  of  the  extent  to  which 
tongue  reflexes  of  acceptance  and  re- 
jection are  elicited  by  the  various  gus- 
tatory concentrations  involved.  Simi- 
larly, I suggest  that  the  crucial  neural 
event  in  producing  the  basis  for 
human  adult  palatability  judgements 
is  a monitoring  of  the  magnitude  of 
an  anterior  tongue  reflex  demonstra- 
ble in  newborn  humans.  But  how  can 
this  be  so,  since  these  reflexes  are  ob- 
viously not  an  overt  part  of  adult  taste 
and  palatability  judgements? 


A MODEL  OF  AFFECTIVE  REPRESENTATION 


Many  reflexes  are  present  in  the 
newborn  which  disappear  with  mat- 
I uration,  yet  reappear  as  signs  of 
neurological  damage.  One  strong  in- 
ference is  that  the  disappearence  of 
these  reflexes  is  simply  a function  of 
inhibitory  control  from  fore-brain 
functions.  The  exciting  observation 
we  can  make  is  that  in  order  to  inhibit 
such  a reflex,  it  is  necessary  that  there 
[ be  a set  of  neurons  whose  activity  is 
' responsible  for  the  inhibition  of  the 
reflex.  The  more  strongly  the  reflex  is 
elicited,  the  stronger  must  be  the  activ- 
ity of  these  specific  inhibitory  neurons 
in  order  to  inhibit  the  compelled  be- 
i havior.  The  activity  of  these  specific 
I inhibitory  neurons,  then,  is  necessar- 
i ily  an  analogue  representation  of  that 
I reflex  that  would  be  elicited,  were  it 
I not  being  inhibited,  be  it  a feeding, 

' fighting,  or  sexual  reflex.  In  freeing 
the  organism  from  the  compelled  be- 
havior, the  inhibitory  mechanism 
transforms  the  compelled  reflex  into 
! information  as  to  which  types  of  be- 
I havior  are  relevant.  In  short,  the  activ- 
I ity  of  the  inhibitory  neurons  preserves 


I 


a behavioral  distinction  in  a non- 
behavioral  form.  To  the  extent  that  I 
am  inhibiting  a tongue  rejection  re- 
flex, there  exists  an  activity  in  my 
nervous  system  that  corresponds  to 
the  information  that  something  bad 
tasting  is  in  my  mouth.  To  the  extent 
that  I am  inhibiting  an  intake  reflex, 
there  exists  an  activity  in  my  nervous 
system  that  corresponds  to  the  infor- 
mation that  something  good-tasting  is 
in  my  mouth.  Yet  now,  instead  of  curl- 
ing up  my  tongue  to  propel  it  down 
my  gullet,  I am  free  to  savor  it,  share 
it,  or  assign  a number  to  it.  Certainly 
the  development  of  such  a repre- 
sentational capacity  is  one  of  the  most 
important  processes  in  the  developing 
human  being. 

The  reason  that  I would  argue  that 
the  palatability  reflex  system  is  the 
ideal  one  in  which  to  study  the 
phylogenetic  and  ontogenetic  de- 
velopment of  such  a representational 
capacity  is  that  measurements  of  the 
dependence  of  these  reflexes  on  taste 
concentration  produces  quantitative 
functions  of  such  distinctive  form  that 
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they  can  easily  be  recognized  when 
manifested  in  behavior,  like  choice 
and  judgment,  which  is  dependent  on 
a neural  representation  of  the  be- 
havioral tendencies.  As  the  great 
comparative  anatomist,  J.Z.  Young 
observed,  “No  animal  can  live  without 


food.  Let  us  then  pursue  the  corollary 
of  this:  namely  that  food  is  about  the 
most  important  influence  in  deter- 
mining the  organization  of  the  brain 
and  the  behavior  that  the  brain  or- 
ganization dictates.” 
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DISCUSSION 


Le  Magnen:  What  is  the  part,  in 
your  opinion,  of  olfactory  stimuli  in 
these  reflexes? 

NowliS/;  I can  respond  to  that 
question  only  at  the  conceptual  level, 
although  I hope  soon  to  be  able  to 
approach  it  neuroanatomically.  For 
the  moment,  I will  simply  guess  that 
those  flavors  (with  an  olfactory  com- 
ponent) which  enhance  intake  activate 
the  olfactory  bulb  as  well  as  the  taste 
buds,  and  that  the  influence  of  this 
olfactory  input  is  either  a simple  facili- 
tation of  the  intake  reflex  or  an  inhibi- 
tion of  the  rejection  reflex.  In  the  case 
of  flavors  which  decrease  palatability, 
I would  expect  the  reverse:  that  the 
olfactory  component  of  the  complex 
stimulus  either  facilitates  the  rejection 
reflex  or  inhibits  the  intake  reflex.  It 
even  seems  plausible  that  one  reason 
so  many  culinary  preparations  in- 
clude a little  bit  of  salt  or  sugar  or 
other  sweetner  is  to  provide  a baseline 
of  reflex  intake  activity  which  is  then 
enhanced  by  the  olfactory  component 
of  the  food. 

Steiner:  I have  a criticism  that 
applies  to  the  previous  paper,  that’s 
mine,  as  well  as  to  Dr.  Nowlis’  paper. 
The  criticism  is  that  the  indication  of 
acceptance  and  rejection  finally  must 
be  done  in  a quantative  way  using  the 
consumption  or  the  consummatory 
behavior.  I know  that  all  delicate  hne 
indicators  which  have  been  collected 
point  to  preference  behavior,  they  are 
of  highest  value  and  interest,  of 
course,  but  the  most  important  reflec- 


tion will  be  if  somebody  will  quantify 
the  consummatory  behavior. 

Only  by  this  measure  or  by  combin- 
ing behavioral  signs  of  preference 
with  consummatory  behavior  in  quan- 
titative terms  can  one  finally  judge 
that  the  organism  prefers  one  sub-  ’ 
stance  and  rejects  the  other. 

Nowlis:  It  is  precisely  with  the  in- 
tention of  quantifying  that  consum- 
matory behavior  that  I have  under- 
taken a study  of  these  reflexes,  since  I 
feel  that  it  is  by  means  of  these  re- 
flexes that  the  final  decision  to  ingest 
or  not  to  ingest  on  the  basis  of  taste  is 
made. 

Steiner:  Exactly,  therefore,  I 
agree  very  much.  But  your  recording 
of  sucking  and  of  pressure  from  dif- 
ferent areas  of  the  tongue  must  later 
be  combined  with  data  pointing  to  the 
amounts  of  food  actually  ingested.  Dr. 
Owen  Mailer  and  myself  tried  to  carry 
out  such  a study  of  ingestive  behavior 
and  mastication  of  different  sweet- 
ened food  in  the  adult  and  I have  the 
feeling  that  we  have  some  common 
points  from  the  behavioral  indicators 
to  real  ingestion.  This  may  be  a con- 
tinuum but  it  must  be  much  more 
clearly  demonstrated. 

Nowlis:  I think  I differ  with  your 
relative  emphases.  When  studying 
any  kind  of  behavior,  one  usually  has 
a choice  of  many  indicators  of  that 
behavior  to  pursue.  To  my  mind, 
there  is  no  reason  to  view  the  final 
outcome  of  a behavior  as  the  optimal 
entity  to  quantify.  In  studying  aggres- 
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sion,  for  example,  I would  be  at  least 
as  happy  to  see  quantification  of  overt 
or  covert  aggressive  behavior  as  I 
would  to  quantify  the  casualties. 

If  a diet  is  diluted  with  a non-caloric 
filler,  most  animals  will  eat  more  of  it 
in  24  hours  than  they  will  of  the  un- 
diluted diet.  Given  a choice  between 
the  two,  however,  they  may  often 
choose  the  undiluted  diet,  unless 
there  are  very  attractive  gustatory  or 
olfactory  properties  to  the  dilution 
material.  Which  measure  should  we 
use  for  a preference  measure?  If  a 
man  drinks  more  water  in  a day  than 
he  does  tea  or  Scotch  whiskey,  shall 


we  conclude  that  he  prefers  water 
over  the  other  two?  The  act,  the  be- 
havior of  acceptance  and  rejection  can 
be  modified  by  a number  of  factors, 
including  so-called  post-ingestional 
factors.  Measures  of  volume  ingested 
are  very  sensitive  to  these  factors. 
This  is  one  reason  why  I seek  to  devise 
a technique  which  needs  but  a few 
seconds  and  a few  milliliters  per 
stimulus.  Cross-validation  between 
this  and  other  measures  of  taste  sen- 
sitivity and  preference  is  essential,  but 
volume  ingested  may  not  turn  out  to 
be  the  primary  criterial  indicator. 


Chapter  15 


SENSORY  MECHANISMS  OF  THE 
NEWBORN’S  TONGUE 


James  M.  Weiffenbach 

The  sense  of  taste  is  intimately  in-  rangements  are  made  to  insure  that 
volved  in  the  control  of  ingestion,  but  the  test  fluids  are  not  swallowed, 
tasting  is  different  from  ingesting  and  Rather  than  inferring  the  adult’s  taste 
the  control  of  ingestion  involves  fac-  capabilities  from  observations  of  his 
tors  in  addition  to  taste.  To  study  taste  ingestive  responses  in  a feeding  situa- 
as  a sensory  modality  or  to  analyze  its  tion,  we  require  that  the  subject  make 
role  in  the  modulation  of  intake  re-  a non-ingestive  indicator  response, 
quires  that  taste  effects  and  non-taste  usually  a verbal  one.  The  human 
effects  be  separated  from  each  other,  newborn  is  not  verbally  competent 
In  studies  of  animals,  taste  factors  can  and  will  not  inhibit  swallowing  on 
be  isolated  by  making  a taste  stimulus  command.  However,  the  infant 
the  cue,  but  not  the  reinforcer,  for  exhibits  an  oral  reflex  that  can  be 
discriminative  behavior.®  Studies  of  cued  by  a minute  drop  of  fluid 
human  adults  employ  a variety  of  applied  to  a restricted  site  on  the 
techniques  to  maximize  taste  effects,  tongue.  This  potential  indicator  re- 
Stimulation  may  be  limited  to  sponse  is  minimally  associated  with 
specified  areas  on  the  dorsal  surface  ingestion  and  can  be  elicited  outside 
of  the  tongue  or  if  other  mouth  the  normal  sequence  of  feeding 
receptors  are  to  be  involved,  ar-  behavior. 

MEASURING  SENSITIVITY 

The  lateral  tongue  movement  and  is  a useful  indicator  of  touch  sen- 
sitivity in  the  early  days  and  weeks  of 
Touching  the  newborn’s  tongue  on  life.^^’^®’^^  A similar  ipsilateral  tongue 
either  the  right  or  the  left  side  trig-  motion  is  elicited  by  a single  drop  of 
gers  a distinctive  lateral  movement  of  fluid  placed  on  the  dorsal  surface  of 
its  tip  toward  that  side.  The  frequency  the  tongue  near  its  apex  (see  Figure 
of  occurrence  of  this  readily  iden-  15-1).  Since  neither  the  form  nor  the 
tified,  reliably  observed,  response  re-  frequency  of  occurrence  of  drop  elic- 
flects  the  intensity  of  a touch  stimulus  ited  responses  varies  with  the  taste 
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Figure  15-1.  Fluid  stimuli  are  applied  to  the  dorsum  of  the  human  neonate’s  tongue  at  sites  to 
the  right  or  left  of  the  midline  near  the  tip.  The  infant  is  on  his  back  with  his  arms  swaddled  at 
his  sides.  The  infant’s  head  is  held  in  a median  orientation  and  the  mouth  opened  by  gentle 
pressure  on  the  chin.  A hve  microliter  stimulus  drop,  adhering  to  the  tip  of  a micropipette  is 
lowered  over  a .selected  site  (A).  On  contact,  the  drop  breaks  away  from  the  micropipette  to 
form  a localized  pool  on  the  moist  surface  of  the  tongue  (B).  The  tongue  moves  from  its  initial 
position  at  midline  toward  the  side  of  stimulation  (C).  The  response  can  occur  prior  to  any 
spreading  of  the  fluid  stimulus  on  the  tongue’s  surface  and  may  continue  until  the  tongue  tip 
is  carried  far  to  the  ipsilateral  side  (D).  The  tongue  returns  to  its  initial  position  at  midline 
without  fuither  stimulation. 
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characteristics  of  the  eliciting  fluid, 
these  parameters  of  response  cannot 
serve  as  direct  indices  of  taste.  How- 
ever, the  response  undergoes  adapta- 
tion, i.e.  repeated  stimulation  leads  to 
reduced  frequency  of  responding.  If 
such  adaptation  can  be  shown  to  be 
specific  to  the  taste  of  the  stimulus,  it 
will  provide  both  a measure  of  the 
taste  sensitivity  of  the  newborn’s 
tongue  and  a basis  for  inferring  the 
taste  receptor  mechanisms  required 
to  support  such  sensitivity.^^ 

The  paradigm 

In  what  has  become  a standard  pro- 
cedure, normal  newborns  between 
one  and  three  days  of  age,  are  tested 
in  an  only  slightly  protected  nook  in 
one  corner  of  the  newborn  nursery  of 
a suburban  hospital.  Infants  are 
swaddled  with  their  arms  at  their  sides 
and  placed  on  their  backs  with  their 
heads  at  midline.  At  thirty  second 
intervals  gentle  pressure  is  applied  to 
the  infant’s  chin.  When  the  infant’s 
mouth  is  stably  open  and  the  tongue 
centered  at  rest,  a five  microliter  drop 
of  fluid  is  transferred  from  a micro- 
pipette to  the  left  side  of  the  infant’s 
tongue  (see  Figure  15-1).  One  inves- 
tigator applies  the  stimulus  while 
another  maintains  the  infant’s  head  in 
a midline  position.  They  independ- 
ently report  whether  or  not  they  ob- 
served a displacement  of  the  tip  of  the 
infant’s  tongue  toward  the  stimulated 
side.  Stimulation  with  water  drops 
continues  until  six  successive  failures 
to  respond  cue  a shift  in  stimulus  to  a 
test  fluid.*  Twelve  stimulations  with 


* In  accumulating  the  six  successive  failures  to  respond 
required  to  reach  criterion  on  any  trial,  a single  instance 
in  which  one  but  not  the  other  observer  reported  seeing  a 
response  was  accounted  a failure  to  respond  provided 
only  that  it  was  not  the  final  or  sixth  failure  to  respond. 


the  test  fluid  complete  the  first  trial. 
The  entire  procedure  is  repeated 
after  an  interval  of  no  less  than  10 
minutes.  The  frequency  of  response 
occurrence  for  the  twelve  test  stimula- 
tions of  each  trial  is  then  compared 
for  infants  receiving  a tastant  test 
fluid  and  those  receiving  water  drops 
throughout. 

A demonstration  using  glucose 

This  testing  paradigm  was  first  used 
to  investigate  the  sensitivity  of  the  new- 
born’s tongue  to  an  example  sweet 
tastant,  glucose. Each  of  48  infants  re- 
ceived initial  stimulation  with  water 
drops  followed  by  12  stimulations 
with  one  of  four  test  fluids.  Test 
fluids,  water  or  glucose  solution  at 
0.28,  0.55  or  2.77  molar  concentra- 
tion, were  assigned  randomly  within 
groups  of  infants  equated  for  sex  and 
age  (6  to  30  and  30  to  72  hours).  Each 
infant  received  the  same  test  fluid  for 
each  of  two  trials.  Comparison  of  trial 
one  with  trial  two  scores  showed  one 
subject  to  be  markedly  less  consistent 
than  the  others  (/?<.01  by  Grubb’s  test 
for  detecting  extreme  values).  This 
subject  is  excluded  from  the  analysis 
presented  here. 

The  design  of  the  present  study 
calls  for  an  analysis  of  between  sub- 
jects effects.  Infants  that  receive  one 
concentration  of  glucose  solution  on 
the  12  stimulations  of  each  test  trial 
are  compared  with  infants  receiving  a 
different  test  fluid.  Such  comparisons 
are  meaningful  only  to  the  extent  that 
the  infants  are  equated  prior  to  test- 
ing. Although  subjects  brought  to  the 
criterion  of  adaptation  are  equated 
for  level  of  responding,  they  may  dif- 
fer with  respect  to  the  number  of 
stimulations  they  receive  or  the 
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number  of  responses  they  made  dur- 
ing adaptation.  An  analysis  of  var- 
iance performed  on  these  two  meas- 
ures of  adaptation  indicates  that 
groups  based  on  age  and  test  fluids  do 
not  differ  significantly  from  each 
other  and  that  trial  one  adaptation 
does  not  differ  significantly  from  that 
of  trial  two.  However,  for  each  meas- 
ure the  main  effect  for  sex  is  signifi- 
cant. Males  require  fewer  stimulations 
of  reach  criterion  and  make  fewer  re- 
sponses in  the  process.  These  findings 
must  temper  the  interpretation  of  any 
sex  difference  in  response  to  sub- 
sequent test  stimuli. 

Responding  to  the  test  fluids  is  a 
rising  monotonic  function  of  stimulus 
concentration.  The  percentages  of 
test  stimulation  eliciting  responses  are 
6.6,  12.0,  14.8  and  28.2  for  water, 
0.28,  0.55  and  2.77  M glucose,  respec- 
tively. The  data  are  more  orderly  for 
males  than  females  (Figure  15-2). 
Separate  analyses  of  variance  (test 
fluids  X ages  x trials)  for  the  number 
of  observed  responses  yield  significant 
effects  for  test  fluids  (Males; 
F=7.6732,  df=3/19,  p<  .005: 

Females;  F=3.5231,  df=3/18,  p< 
.05).  The  effects  are  uncomplicated 
by  other  significant  main  effects  or 
interactions. 

These  data  demonstrate  that  the 
newborn’s  tongue  is  differentially  re- 
sponsive to  water  and  glucose  solution 
when  responsivity  to  water  is  first  re- 
duced to  a low  level  by  repeated 
stimulation.  1 will  argue  that  they 
imply  a receptor  on  the  infant’s 
tongue  sensitive  to  some  property  that 
differentiates  water  from  aqueous 
solutions  of  glucose  and  that  this  is  a 
taste  receptor. 


Figure  15-2.  Independent  groups  of  new- 
born infants  were  repeatedly  stimulated  with 
drops  of  water  delivered  to  lateral  sites  on  the 
dorsal  surface  of  the  tongue.  When  the  sub- 
ject’s lateral  tongue  response  to  this  stimula- 
tion reached  a criterion  low  level  (6  successive 
failures  to  respond)  a 12  stimulus  test  was 
carried  out  with  one  of  four  test  fluids, 
2.77M,  .55M,  .28M  glucose  solution  or  water. 
The  results  of  two  repetitions  of  this  proce- 
dure on  the  same  day  are  presented  graphi- 
cally. Data  are  segregated  by  sex  since 
females,  although  not  significantly  more  re- 
sponsive to  initial  stimulation  with  water,  do 
require  a significantly  larger  number  of 
stimulations  to  reach  the  criterion  of  reduced 
responsivity.  Separate  analyses  of  variance 
for  males  and  females  each  indicate  a signifi- 
cant main  effect  for  stimulus  conditions. 
Neither  analysis  reveals  significant  main 
effects  for  age  (6  to  30  and  30  to  72  hours) 
or  repetitions.  No  interaction  effects  were 
significant.  One  female  subject  had  a 1st  to 
2nd  trial  score  differential  markedly  greater 
than  any  other  subject  ip<  .01  by  Grubb’s 
test  for  detecting  extreme  values).  This  aber- 
rant subject  was  excluded,  reducing  the 
number  of  subjects  from  48  to  47. 
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The  role  of  adaptation 

As  has  been  pointed  out  previ- 
ously,^’^ an  adaptation  procedure 
such  as  that  employed  in  the  glucose 
demonstration  would  be  unnecessary 
if  test  stimuli  elicited  differential 
levels  of  response  before  adaptation. 
In  fact,  the  adaptation  procedure 
would  be  unnecessary  if  repeated 
stimulation  with  test  fluids  elicited 
either  differential  initial  levels  of  re- 
sponse or  differential  adaptation. 
Therefore,  a comparison  group  of  9 
male  and  9 female  newborns  was 
drawn  from  the  same  population  as 
the  subjects  of  the  glucose  demonstra- 
tion. These  infants  were  treated  just 
as  the  previous  subjects  except  that 
they  were  initially  stimulated  with 
2.77  M glucose.  After  responding  to 
this  fluid  had  been  reduced  to  the 
previously  employed  criterion,  twelve 
test  stimulations  with  water  were 
applied.  Only  one  trial  was  adminis- 
tered. Neither  the  number  of  re- 
sponses nor  the  number  of  stimula- 
tions required  to  reach  criterion  for 
drops  of  2.77  M glucose  solution  dif- 
fers significantly  from  that  required 
when  the  adapting  stimulus  is  water.^^ 
Thus,  not  only  does  the  selective 
adaptation  technique  provide  a dem- 
onstration of  differential  sensitivity  to 
glucose  solution  and  water  but  the 
adaptation  to  water  drops  is  a critical 
feature  of  that  demonstration. 

The  role  of  stimulus  change 

In  the  demonstration  that  glucose 
solution  stimulation  after  adaptation 
to  water  drops  elicits  more  respond- 
ing than  does  continued  water  stimu- 


lation, the  effects  of  increments  in 
glucose  concentration  of  the  test  fluid 
are  confounded  with  possible  effects 
of  stimulus  change  per  se.  The  addi- 
tional infants  initially  stimulated  with 
2.77  M glucose  solution  and  sub- 
sequently tested  with  water  are  ex- 
posed to  a change  in  stimulus  con- 
centration equal  in  magnitude  but 
opposite  in  direction  to  that  provided 
to  those  subjects  tested  with  2.77  M 
glucose  in  the  demonstration.  Such 
infants  fail  to  show  the  increment  in 
response  observed  when  the  post- 
criterion change  in  concentration  is  in 
the  reverse  direction,  from  water  to 
glucose.  In  fact,  infants  preadapted  to 
glucose  do  not  make  significantly 
more  test  responses  to  water  than  in- 
fants receiving  the  water  stimulation 
after  adaptation  to  water. 

The  direction  of  change  in  concen- 
tration between  the  adaptation  fluid 
and  the  test  fluid  is  critical.  Incre- 
ments, but  not  decrements  in  the  con- 
centration of  glucose  are  associated 
with  a resurgence  of  response.  Thus, 
the  mechanism  involved  appears  not 
to  be  the  familiar  one  of  habitua- 
tion which  has  been  so  successful  in 
studies  of  infant  auditory  and  visual 
function  (see  ref.  7 for  review).  The 
mechanism  appears,  rather,  to  be  one 
of  sensory  adaptation. 

The  role  of  response  direction 

The  directionality  of  the  lateral 
tongue  movement  response  reduces 
the  difficulty  of  discriminating  a 
response  from  movements  not  elicited 
by  the  stimulus  but  occurring  at  the 
same  time.  Some  might  further 
suggest  that  the  direction  of  the 
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response  movement  toward  the 
stimulus  reflects  a positive  hedonic 
evaluation  of  the  eliciting  stimulus. 
Perhaps  the  infant  moves  the  tip  of 
his  tongue  toward  a drop  of  sugar 
solution  because  the  drop  is  sweet  and 
he  likes  (or  at  least  approaches)  sweet 
tasting  things.  The  elicitation  of  simi- 
lar ipsilateral  tongue  movements  by 
touch  or  by  drops  of  fluid  that  are  not 
so  obviously  of  positive  hedonic  value 
effects  the  argument  very  little.  It  is 
just  such  response  as  these  that  must 
be  adapted  by  repeated  elicitation 
with  water  drops  before  responses 
can  be  elicited  whose  frequency  of 
occurrence  is  related  to  glucose 
concentration. 

If  responses  to  glucose  solution 
after  water  adaptation  are  a function 
of  hedonic  tone,  then  hedonically 
negative  fluids  should  either  fail  to 
produce  response  after  adaptation  or 
produce  movements  that  are  contra- 
lateral, away  from  the  stimulus.  Al- 
though, as  Engen  ^ has  pointed  out,  it 
is  difficult  to  find  fluids  that  by  their 
taste  alone  completely  inhibit  the 
newborn’s  intake,  it  is  true  that  salt 
solutions  have  been  shown  to  produce 
behavioral  changes  that  are  the  re- 
verse of  those  elicited  by  sugar  solu- 
tions. Nowlis  has  shown  that  salt 
solution  may  trigger  responses  at  pos- 
terior tongue  that  can  be  considered 
complimentary  to  the  acceptance 
movements  of  the  anterior  portions. 
In  a study  of  infants  less  than  48 
hours  old,  Aiyar  and  Agarwal  * find 
salt  solutions  among  those  that,  in 
contrast  to  sweet  solutions,  elicit  a 
high  frequency  of  crying,  “dislike 
facies,”  vomiting  and  retching. 
Jensen,^  making  comparisons  against 
a baseline  established  with  milk,  found 
saline  produced  a disruption  or  dimi- 


nution of  sucking,  as  a rising  func- 
tion of  concentration.  Crook  has  re- 
cently collected  data  suggesting  that 
injecting  minute  quantities  of  saline 
into  the  infant’s  mouth  during  a 
pause  in  non-nutritive  sucking  pro- 
longs that  pause  and  reduces  the 
length  of  the  next  burst,  whereas 
sugar  solutions  similarly  injected 
shorten  the  succeeding  pause  and  in- 
crease the  length  of  the  next  burst.* 

Responses  to  drops  of  salt  solution 
after  adaptation  to  water  thus  are 
germane  to  the  question  of  the  role  of 
hedonic  tone  in  controlling  the  direc- 
tion of  the  tongue  movement  re- 
sponse. Using  the  standard  paradigm, 
twenty  newborns  (10  males  and  10 
females)  were  initially  stimulated  with 
water  and  subsequently  tested  with 
2M  sodium  chloride  (NaCl).  Their 
post-adaptation  response  is  compared 
with  that  of  concurrently  tested  sub- 
jects that  receive  continued  water 
stimulation  after  reaching  criterion. 
The  rate  of  responding  to  saline  is 
approximately  twice  that  for  water 
(20.3%  versus  10.3%).  A three-way 
(test  fluids  X sexes  x trials)  analysis  of 
variance  of  these  preliminary  data 
yield  a significant  main  effect 
(F  = 7.003,  df=l,  32,  p<.02)  reflecting 
the  greater  number  of  responses  to 
saline.  More  importantly,  for  the  pre- 
sent argument,  these  responses,  like 
those  elicited  by  glucose,  are  ipsi- 
lateral. Even  these  preliminary  results 
are  sufficient  to  reject  the  class  of 
hypotheses  that  would  attach  hedonic 
meaning  to  the  direction  of  the 
tongue  movement  response. 

Defining  receptor  units 

The  elicitation  of  responses  from 

* Personal  communication,  Dr.  Charles  Crook, 
13  March,  1974. 
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restricted  sites  on  its  surface  allows  for 
statements  concerning  the  tongue’s 
sensitivity  to  fluids.  The  selective 
adaptation  paradigm  permits  further 
inference  concerning  mechanisms  of 
reception. 

The  demonstration  with  glucose 
permits  the  definition  of  two  receptor 
classes.  One  class  of  receptor  unit  is 
sensitive  to  some  stimulus  property 
shared  by  water  and  glucose  solution 
drops.  These  receptor  units  may  be 
operationally  defined  as  water  sensi- 
tive receptors.  A more  general  charac- 
terization of  them  as  units  sensitive  to 
“fluid  touch”  avoids  the  implication, 
which  cannot  be  supported  from  the 
data  at  hand,  that  they  are  responsible 
for  a water  taste  in  human  infants. 
The  second  class  of  receptor  units 
that  has  been  hypothesized  is  opera- 
tionally defined  by  the  sensitivity  of 
such  units  to  glucose.  As  I have 
pointed  out  elsewhere, it  is  unclear 
whether  units  sensitive  to  glucose 
might  not  also  be  sensitive  to  other 
sugars,  other  sweet  tastants,  or  even 
non-sweet  tastants. 

The  evidence  (see  page  210)  that 
the  post-adaptation  responding  of  in- 
fants adapted  to  water  and  tested  with 
2 M NaCl  exceeded  that  of  infants 
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tested  at  the  same  time  but  receiving 
water  throughout  supports  the  infer- 
ence that  the  infant’s  tongue  is  sensi- 
tive not  only  to  glucose  but  also  to 
NaCl.  It  is  possible,  of  course,  that  the 
units  which  support  responding  to 
saline  after  water  adaptation  are  the 
same  as  those  that  underly  the  re- 
sponse to  glucose  solution. 

In  an  initial  effort  to  clarify  this 
point,  twenty  infants  (10  males  and  10 
females)  were  adapted  to  2M  glucose 
solution.  Half  were  then  tested  with 
2M  saline  and  half  with  2M  glucose. 
The  infants  tested  with  saline  make 
more  than  twice  as  many  post- 
adaptation responses  (24.0%  versus 
10.0%).  An  analysis  of  these  data  by 
3-way  analysis  of  variance  (test  fluids  x 
sexes  X trials)  indicates  that  the 
number  of  observed  responses  for 
saline  after  glucose  adaptation  is  sig- 
nificantly greater  than  that  for 
glucose  after  glucose  adaptation 
(F=7.873,  df=l/16,  p<.02).  These 
preliminary  data  are  consistent  with 
the  hypothesis  that  separate 
peripheral  mechanisms  underlie 
tongue  responses  to  saline  and  to  glu- 
cose. They  suggest,  but  do  not  dem- 
onstrate, that  the  receptors  are  differ- 
entially sensitive  to  taste  quality. 


SUMMARY 


The  laterally  directed  tongue 
movement  response,  serving  as  an  in- 
dicator response  in  a selective  adapta- 
tion paradigm,  provides  a measure  of 
the  sensitivity  of  the  newborn’s 
tongue  to  locatized  chemical  stimula- 
tion. A demonstration  with  glucose 
solution  as  the  test  stimulus  suggests 
that  the  relation  of  the  frequency  of 
response  occurrence  to  stimulus  con- 
centration is  orderly.  Other  studies 


indicate  that  separate  receptor 
mechanisms  are  involved  in  responses 
to  drops  of  water,  glucose  solution 
and  saline.  Among  the  desirable 
characteristics  of  this  technique  are 
the  separation  of  its  indicator  re- 
sponse from  the  normal  sequence  of 
feeding  behavior  and  the  control  over 
stimulus  parameters  obtained  by 
using  minute  amounts  of  stimulus 
fluid  applied  to  discrete  and  de- 
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lineated  sites  on  the  tongue’s  surface. 

To  the  degree  that  measures  gen- 
erated by  this  technique  reflect 
peripheral  sensitivity  of  tongue  recep- 
tors rather  than  the  complexly  inter- 
acting mechanisms  involved  in  the 


modulation  of  intake,  they  provide  a 
unique  point  of  contact  with  studies 
of  taste  reception  in  species  where 
electrophysiological  measures  are 
available. 
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DISCUSSION 


Pfaffmann:  First  of  all  do  you  have 
a control  for  viscosity? 

Weiffenbach:  No,  I don’t  yet  have 


a control  for  viscosity.  However,  I be- 
lieve that  the  studies  I have  described 
demonstrate  a general  paradigm  that 
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can  be  used  to  determine  to  what  ex- 
tent the  tongue  is  responsive  to  a wide 
variety  of  parameters  of  fluid  stimula- 
tion including  viscosity. 

Pfaffmann:  Well,  I agree  with  you 
entirely  about  the  methodology.  In 
fact,  if  you  read  Schwartz’s  paper  on 
pheromones  in  the  sugar  glider  which 
has  a very  elaborate  olfactory  com- 
munication system  you’ll  see  that  the 
way  he  proves  the  generality  of  the 
different  pheromones  glands  is  essen- 
tially the  method  you  are  using. 

Weiffenbach:  Yes,  after  struggling 
to  describe  my  procedures,  I was 
chagrined  to  find  Deither  had  de- 
scribed an  essentially  similar  tech- 
nique with  striking  clarity  in  a half 
dozen  lines. ^ 

Pfaffmann:  Have  you  considered 
using  bilateral  stimulations  simul- 
taneously with  different  combinations 
of  sugar  solutions  and  water  at  two 
sites  on  the  tongue  following  the 
model  that  von  Bekesy  developed? 

Weiffenbach:  Yes,  I think  it  would 
be  difficult  but  interesting  to  do.  At 
this  time  I have  no  evidence  that  bilat- 
eral equal  stimulation  will  summate  to 
cancel  response.  However,  at  an  ex- 
tremely crude  level  there  is  some  indi- 
cation that  unequal  bilateral  stimula- 
tion will  lead  to  directional  response. 
If  one  side  of  the  tongue  is  adapted  to 
fluid  drops,  then  a drop  placed  at  the 
center  line  of  the  tongue  is  likely  to 
elicit  a movement  toward  the  side  that 
has  not  been  adapted.  The  stimulus 


' Dethier,  V.G.  and  Goldrick,  N.:  Blowflies:  Alterations 
of  adult  taste  response  by  chemicals  present  during  de- 
velopment. Science,  173:242-244, 1971. 
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drop  is  physically  on  the  center  line 
but  due  to  adaptation  the  effective 
stimulation  is  bilaterally  unequal. 
More  importantly,  perhaps,  it  would 
appear  that  the  effects  may  be  inde- 
pendent of  where  on  the  adapted  side 
the  stimulus  has  been  applied. 

To  return  to  the  question  of  bilat- 
eral simultaneous  stimulation  it  is  in- 
teresting to  me  that  bilateral  simul- 
taneous touch  stimulation  of  the 
arms  show  a developmental  course. 
Perhaps  this  is  a good  technique  for 
exploring  growth  related  changes  in 
the  nervous  system. 

Pfaffmann:  You  get  an  exaggera- 
tion in  the  brain-damaged  patient  so 
that  he  feels  only  one  side.  So  there  is 
a suppression. 

What  about  the  water  taste?  You 
would  expect  that  the  water  after 
glucose  would  taste  bad. 

Weiffenbach:  It  may  be  that  it  does 
but  I don’t  know  how  I can  dem- 
onstrate that  it  does.  My  data  would 
suggest  that  applying  water  after  glu- 
cose solution  stimulation  has  adapted 
the  glucose  sensitive  tongue  receptors 
is  much  like  continuing  to  stimulate 
with  the  glucose  solution  since  glu- 
cose sensitive  receptors  are  non- 
responsive.  For  the  measures  I am 
using  it  makes  little  difference  if  one 
functionally  suppresses  the  glucose 
sensitive  receptor  or  physically  re- 
moves the  glucose  from  the  stimulat- 
ing fluid. 


PART  IV 

TASTE  EXPERIENCE  AND  THE 
DEVELOPMENT  OF 
A DIETARY  PREFERENCE  FOR  SWEET 


I MECHANISMS  FOR  THE  TRANSMISSION  OF 

ACQUIRED  PATTERNS 
OF  FEEDING  FROM  ADULT  TO  WEANLING 
1 RATS 


' Bennett  G.  Galef,  Jr- 

!l 

||!  There  are,  broadly  speaking,  essen- 
|l  daily  three  nonindependent  mech- 
: anisms  whereby  the  behavior  char- 

acteristic of  a population  may  be 
i maintained  from  one  generation  to 
I the  next.  First,  adaptive  behavior  in 
i|  population  members  may  be  largely 
; endogenously  organized  and  geneti- 
cally transmitted  as  propensities  guid- 
ing development.  Second,  similar  pat- 
j terns  of  behavior  in  population  mem- 
bers may  result  from  similar  rein- 
forcement  histories  of  individuals  in 
!,  their  direct  transactions  with  the  non- 
social  environment.  And,  third,  long 
term  homogeneity  of  population  be- 
havior may  result  from  the  social 
transmission  of  patterns  of  behavior 

I WEANING  AND  POISON  AVOIDANCE  IN  RATS 

|l 

I The  period  during  which  altricial 
I mammals  wean  from  a milk  diet,  to 
!|  one  of  solid  food  is  a time  of  stress 
jj  and  major  mortality  in  many  mamma- 
lian species.  Unless  adult  conspecifics 
transport  requisite  solid  food  to  the 
nest  site,  the  young  must  find  it  for 


i'  Acknowledgment:  The  author  would  like  to  thank  the  Smithsonian  Tropical  Research  Institute  for  providing 

1 facilities  and  the  National  Research  Council  of  Canada  for  providing  financial  support  during  the  drafting  of  this 
' 1 chapter.  Thanks  are  also  due  to  Lorraine  Allan,  Mertice  Clark,  and  Michael  Leon  for  their  thoughtful  criticisms  of  an 
' j earner  draft. 

H 217 

ki 


themselves  in  an  unfamiliar  and  po- 
tentially hostile  environment  in  which 
they  are  particularly  vulnerable. 
Clearly,  it  would  be  to  the  advantage 
of  the  young  and  hence  to  the  repro- 
ductive advantage  of  their  parents  if 
adults  could,  in  some  way,  make  avail- 


from  individual  to  individual  within  a 
population.  Both  the  rejection  of  the 
Lamarkian  theory  of  the  genetic 
transmission  of  acquired  characteris- 
tics and  the  difficulty  of  adequately 
demonstrating  learning  by  observa- 
tion in  animals  have  served  to  min- 
imize the  role  accorded  the  social 
transmission  of  acquired  patterns  of 
behavior  in  behavioral  development. 
Therefore,  in  discussing  the  mech- 
anisms responsible  for  the  social 
transmission  of  acquired  feeding 
preferences  in  rats,  I hope  to  direct 
attention  generally  to  an  aspect  of  the 
ontogeny  of  behavior  which  has  been 
largely  ignored  in  recent  years. 
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able  to  their  offspring  information 
concerning  the  location  and  safety  of 
the  various  foodstuffs  available  in  the 
vicinity  of  the  homesite.  This  is  in- 
formation which  the  adults  have  ac- 
quired during  their  own  lives  in  the 
area  in  which  they  rear  their  young. 
The  problems  of  diet  location  and 
selection  may  be  particularly  acute  for 
wild  rats,  which  are  commensals  of 
man,^^  as  they  are  liable  to  encounter 


poison  baits  in  areas  in  which  they  are 
sympatric  with  mankind.  Norway  rats 
{R.  norvegicus)  have  evolved  a variety 
of  behavioral  mechanisms  permitting 
individuals  to  avoid  ingesting  lethal 
amounts  of  poisons  18.19,20.21 

and  it  is  at  least  possible  that  they  have 
also  found  ways  to  communicate  in- 
formation to  one  another  regarding 
the  safety  and  location  of  various 
foods  in  the  environment. 


EVIDENCE  OF  SOCIAL  TRANSMISSION  OF  FEEDING  PREFERENCES 


Steiniger,^^  in  discussing  the  “local 
traditions”  of  colonies  of  wild  Norway 
rats  (i.e.,  consistent  behavioral  differ- 
ences between  groups  of  rats  living  in 
different  areas)  has  reported  that  if  a 
given  poison  bait  is  used  in  one  area 
over  a considerable  period  of  time, 
despite  initial  success,  later  acceptance 
of  that  bait  falls  off  radically  and  re- 
mains low.  He  noted  that  the  off- 
spring of  surviving  animals  rejected 
the  bait  so  long  as  a few  animals  in 
their  pack  knew  and  rejected  it. 
Steiniger  attributed  this  “traditional” 
poison  avoidance  to  the  behavior  of 
experienced  animals  which  in  some 
way  dissuaded  the  naive  young  from 
ingesting  poison  baits. 

During  the  past  several  years,  my 
students  and  I have  been  examining 
the  social  interactions  of  both  wild 
and  domesticated  rats  during  wean- 
ing under  controlled  conditions.  We 
have  worked  within  the  general  con- 
text of  poison  avoidance  behavior 
seeking  possible  mechanisms  for  the 
social  transmission  of  acquired  feed- 
ing preferences. 

In  our  basic  experimental  para- 
digm ® colonies  consisting  of  two 
male  and  four  female  wild  rats  are 
established  in  enclosures  like  the  one 


diagrammed  in  Figure  16- la.  Water 
is  continuously  available  and  food  is 
presented  to  the  colony  for  3 hr/day 
in  two  ceramic  food  bowls  located  ap- 
proximately 2V2  ft.  apart.  Each  of 
these  bowls  contains  one  of  two  nutri- 
tionally adequate  diets,  each  discrim- 
inable  from  the  other  in  color,  tex- 
ture, taste  and  smell.  These  two  diets 
will  be  referred  to  below  as  Diets  A 
and  B.  Diet  A is  powdered  Purina 
Laboratory  Chow  and  Diet  B,  com- 
pounded by  the  General  Biochemicals 
Company,  consists  mainly  of  sucrose 
and  casein  and  is  highly  preferred  by 
rats  to  Diet  A. 

The  adult  members  of  the  colony 
are  trained  to  eat  one  diet  and  to 
avoid  the  other,  by  introducing  sub- 
lethal  doses  of  poison  (lithium 
chloride)  into  the  samples  of  one  of 
the  diets  offered  to  the  colony  during 
daily  3-hr.  feeding  periods.  Under 
these  conditions,  our  wild  rats  rapidly 
learn  to  avoid  ingesting  the  poisoned 
diqt  and  continue  to  avoid  it  for  some 
weeks  even  when  subsequently  of- 
fered the  once  poisoned  diet  free 
from  lithium  chloride  contamination. 

The  experiment  proper  begins 
when  litters  of  pups  born  to  colony 
members  (reduced  to  6 pups/litter) 


219 


Transmission  of  Feeding  Patterns 

leave  their  nest  site  to  feed  on  solid  of  times  they  eat  from  each  food  bowl, 
food  for  the  first  time.  We  observe  the  After  the  pups  have  been  feeding 
adults  and  pups  throughout  daily  on  solid  food  for  a number  of  days, 
3-hr.  feeding  periods  via  closed  circuit  they  are  transferrred  to  new  enclo- 
television  and  record  the  number  of  sures,  (illustrated  in  Figure  16- lb) 
times  the  pups  approach  to  within  where,  without  the  adults  of  their  col- 
4 in.  of  each  food  bowl  and  the  number  ony,  they  are  again  offered  the  choice 


1a 


DIET 


DIET 


1b 


NEST 

BOX 


Figure  16-1.  Endosures  in  which  rat  pups  were  observed  prior  to  (a)  and  after 
(b)  removal  from  their  adult  dan. 
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of  uncontaminated  samples  of  Diets  A 
and  B for  3 hr/day.  The  amount  of 
each  diet  eaten  by  the  pups  in  this 
situation  is  determined  by  weighing 
food  bowls  before  and  after  each 
feeding  session. 


The  results  are  presented  in  Fig- 
ures 16-2a,  2b,  and  3.  Figure  16-2a 
presents  data  on  the  feeding  behavior 
of  a litter  of  wild  rat  pups  born  to  a 
colony  previously  trained  to  avoid  in- 
gesting the  normally  preferred  Diet 


WILD  RAT  PUPS  WHOSE  PARENTS  WERE  POISONED  ON  DIET  A 


AGE  28  29  30  31  32  33  34  39  36  37  38  39  40  41  42 


Figure  16-2.  Number  of  observed  approaches  to  and  feedings  from  Diets  A and 
B by  wild  rat  pups  the  adults  of  whose  colonies  had  been  poisoned  on  Diets  A (a) 
and  B (b). 
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B,  while  Firgure  16-2b  presents  data 
describing  the  feeding  behavior  of  a 
litter  of  pups  born  to  a colony  trained 
to  avoid  ingesting  Diet  A.  It  is  clear 
from  comparison  of  the  data  pre- 
sented in  Figures  16-2a  and  2b  that 
the  learned  feeding  preferences  of 
adult  colony  members  profoundly  af- 
fect the  feeding  preferences  of  their 
young.  In  the  presence  of  adults  of 
their  colony,  pups  ingest  only  the  diet 
that  the  adults  are  eating.  Further- 
more, as  shown  in  Figure  16-3,  the 
dietary  preferences  of  the  adults  con- 
tinue to  affect  the  feeding  prefer- 
ences of  their  young  for  some  8 to  10 
days  following  transfer  of  the  pups  to 
enclosures  separate  from  the  adult 
colony. 

Taken  together  these  observations 
demonstrate  that  adult  rats  can,  in 
some  fashion,  lead  their  offspring  to 
feed  solely  on  a safe  diet  in  an  envi- 
ronment containing  food  known  by 
the  adults  to  have  been  poisoned. 


DAYS 


Figure  16-3.  Percentage  intake  of  Diet  A by 
pups  following  removal  to  the  enclosure  illus- 
trated in  Figure  16-l(b)  isolated  from  adults. 


thereby  allowing  the  young  to  avoid 
ingesting  potentially  noxious  foods. 
The  data  also  show  that  the  food 
preference  learned  in  the  presence  of 
the  adults  continues  to  affect  the  feed- 
ing behavior  of  the  pups  for  some 
time  following  their  removal  from  di- 
rect adult  influence. 

It  is  not  possible  to  determine  from 
these  data  whether  the  pups  learn  to 
ingest  the  diet  which  the  adults  of 
their  colony  eat  or  to  avoid  ingesting 
the  diet  which  the  adults  of  their  col- 
ony avoid.  It  is,  however,  important  to 
determine  the  precise  nature  of  the 
behavipr  being  transmitted  from 
adults  to  young  before  attempting  an 
analysis  of  underlying  mechanisms. 

If  pups  learn  to  avoid  the  diet 
which  the  adults  of  their  colony  avoid 
as  a result  of  interaction  with  them, 
then  it  should  be  important  that  the 
pups  experience  that  diet  during  the 
time  they  are  with  the  adults.  Con- 
versely, if  the  pups  learn  only  to  eat 
what  the  adults  of  their  colony  eat, 
then  the  presence  of  the  adult- 
avoided  diet  during  the  period  of 
adult-young  interaction  should  be  of 
no  importance. 

The  experimental  design  used  to 
investigate  this  question  was  very  simi- 
lar to  the  one  just  described.  Colonies 
of  adults  were  trained  to  avoid  the 
normally  preferred  Diet  B and  to  eat 
Diet  A.  Pups  were  allowed  to  feed 
with  the  adults  for  10  days  and  were 
then  moved  to  individual  enclosures 
(see  Figure  16-4)  and  offered  the 
choice  of  uncontaminated  samples  of 
Diets  A and  B.  While  in  the  enclosure 
with  the  adults  for  10  days  of  feeding, 
pups  of  one  colony  and  their  adults 
were  offered  the  choice  of  Diets  A 
and  B (and  ate  only  Diet  A)  while 
pups  and  adults  in  another  colony 
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NEST  BOX, 


Figure  16-4.  Enclosure  to  which  individual 
pups  were  removed  following  10  days  of 
feeding  with  adults. 

were  offered  the  choice  between  Diet 
A and  an  empty  bowl  placed  in  the 
location  in  which  Diet  B was  usually 
available.  If  pups  in  the  original 
experiment  learned  to  avoid  the 
diet  that  the  adults  of  their  colony 
avoided,  then  one  would  expect  pups 
which  had  Diet  B available  while  with 
the  adults  to  show  a more  profound 
avoidance  of  Diet  B,  when  offered  the 
choice  of  Diets  A and  B in  individual 
enclosures,  than  pups  which  had  not 
previously  seen  Diet  B. 

Figure  16-5  illustrates  the  percent- 
age of  Diet  A eaten  by  pups  in  the  two 
groups  when  offered  the  choice  of 


Figure  16-5.  Amount  of  Diet  A eaten  by  indi- 
vidual pups  while  in  the  enclosures  illustrated 
in  Figure  16-4. 

Diets  A and  B in  individual  enclo- 
sures. As  is  clear  from  examination  of 
the  figure,  there  is  no  major  differ- 
ence between  the  two  groups.  The 
simplest  interpretation  of  this  data  is 
that  pups  learn  to  eat  the  diet  that  the 
adults  eat  rather  than  to  avoid  the  diet 
the  adults  avoid. 


MECHANISMS  FOR  SOCIAL  TRANSMISSION  OF  FEEDING 

PREFERENCES 


Adult  presence  at  a feeding  site 

Any  of  a wide  range  of  mechanisms 
might  be  responsible  for  this  transfer 
of  an  acquired  feeding  preference 
from  adult  rats  to  pups.  For  example: 

(1)  Adults  may  mark  either  the 
diet  they  are  eating  or  the 
diet  they  are  avoiding  with 
residual  chemical  cues  which 
attract  or  repel  the  pups  and 
thereby  influence  their  feed- 
ing site  selection. 


(2)  Adults  may  carry  samples  of 
the  diet  they  ingest  back  to 
the  nest  site  and  ingestion  of 
these  samples  may  influence 
pups’  subsequent  choice  of 
diet. 

(3)  The  physical  presence  of 
adults  at  a feeding  site  may 
attract  pups  to  that  site  and 
influence  their  choice  of  diet 
for  early  ingestion. 
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If  adults  deposit  attractive  chemi- 
cals in  or  near  the  food  they  are  eating 
or  if  they  mark  the  food  they  are 
avoiding  or  its  surrounding  area  with 
some  warning  chemical,  and  these  re- 
sidual chemicals  are  responsible  for 
adult  influence  on  pups’  initial  choice 
of  diet,  then  it  should  be  fairly  easy  to 
disrupt  the  apparent  influence  of  the 
adults  on  the  food  choices  of  their 
young.  All  that  would  be  needed 
would  be  to  disturb  the  chemicals  de- 
posited by  the  adults.  We  have  con- 
ducted the  following  experiment  in 
order  to  determine  the  importance  of 
such  chemical  cues  for  the  behavior  of 
the  pups.  The  experimental  situation 
was  basically  the  same  as  that  of  the 
first  experiment  I described  except 
that  sheet  metal  trays  (2x2  ft.)  cover- 
ed with  sawdust  were  placed  under 
both  food  bowls  during  both  the  train- 
ing of  the  adults  and  the  testing  of  the 
pups.  When  pups  in  each  of  the  litters 
we  used  had  been  observed  to  eat 
solid  food  20  times,  we  performed  the 
following  manipulations:  (1)  The  two 
food  bowls  were  emptied.  (2)  They 
and  the  trays  and  sawdust  the  food 
bowls  were  sitting  on  were  reversed  in 
position,  and  (3)  new  samples  of  Diets 
A and  B were  placed  in  their  initial 
positions  in  the  now  reversed  food 
bowls.  Thus  all  chemical  cues  located 
within  1 ft.  of  the  food  bowls  had  been 
reversed  in  position  within  the  ex- 
perimental enclosures. 

These  manipulations  had  abso- 
lutely no  effect  on  the  feeding  be- 
havior of  the  pups.®  Without  excep- 
tion, the  pups  continued  to  eat  Diet  A 
and  avoid  Diet  B,  as  did  the  adults 
themselves.  These  data  indicate  that 
the  deposition  of  residual  chemical 
cues  is  not  necessary  for  transmission 
of  the  feeding  preference.  I will  dis- 


cuss the  question  of  whether  chemical 
cues  are  sufficient  to  determine  pups’ 
feeding  preferences  later. 

To  look  at  the  effects  of  the  inges- 
tion of  food  stuffs  at  the  nest  site  on 
subsequent  food  choices,  one  can 
offer  the  pups  in  the  nest  site,  at  some 
time  other  than  the  3-hr.  colony  feed- 
ing period,  samples  of  the  food  the 
adults  of  their  colony  have  been 
trained  to  avoid  and  then  examine  the 
pups’  food  preferences  during  the 
colony  feeding  periods.^  The  results 
of  such  an  experiment  are  presented 
in  Figure  16^6.  There  are  two  in- 
teresting aspects  of  the  data.  First, 
sampling  by  the  pups  in  the  nest  site 
of  the  adult-avoided  diet  did  not  pro- 
duce an  initial  preference  for  that 
diet.  Second,  such  sampling  did  affect 
the  later  rate  of  acceptance  by  pups  of 
the  adult-avoided  diet.  I will  be  re- 
turning to  the  second  point  later. 

If  neither  residual  chemical  cues  at 
a feeding  site  nor  ingestion  of  food 
samples  in  the  nest  site  determined 
initial  dietary  preference  in  our  first 
experiment,  what  did?  The  evidence 
indicates  that  the  most  important  fac- 
tor influencing  pups’  choice  of  initial 
diet  is  the  presence  of  adults  at  a food 
site  at  the  time  when  pups  are  ready 
to  begin  feeding  on  solid  food.  In  il- 
lustration of  this  point,  consider  the 
following  experiment.^  A colony  of 
adult  wild  rats  was  established  in  the 
enclosure  illustrated  in  Figure  16-7. 
Diet  A was  constantly  available  in  the 
two  food  bowls  located  behind  the 
partition  and  the  area  above  the  dot- 
ted line  was  continuously  monitored 
via  closed  circuit  television.  We 
marked  pups  individually  and  looked 
to  see  under  what  conditions  each 
pup  ingested  its  first  meal  of  solid 
food.  We  observed  9 pups  in  all  and 
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Figure  16-6.  Percentage  of  observed  feeding  responses  directed  to  Diet  A 
during  the  colony  feeding  period  by  litters  of  pups  offered  samples  of  the  diet 
the  adults  of  their  colony  were  eating  (control)  and  samples  of  the  diet  the  adults 
of  their  colony  were  avoiding  (experimental)  in  the  nest  site. 


all  9 of  them  ate  their  first  meal  under 
exactly  the  same  circumstances.  All  9 
ate  their  hrst  meal  in  the  presence  of  a 
feeding  adult  even  though  the  proba- 
bility of  that  occurring  by  chance, 
given  the  temporal  distribution  of 
adult  meals,  was  less  than  .001,  and  all 
9 ate  at  the  same  food  bowl  as  that 
adult  and  not  at  the  other  bowl  some 
1 V2  ft.  away.  The  presence  of  an  adult 
at  a feeding  site  seems  to  attract  pups 
to  that  site  and  cause  pups  to  initiate 
feeding  on  the  diet  present  there.  Our 
further  observations  and  experiments 
within  this  enclosure  indicate  that  the 


pups  tend  to  approach  adults  outside 
the  nest  area  rather  than  to  follow 
them  from  the  nest  site  to  food,  and 
that  visual  cues  are  necessary  to  guide 
this  approach.  Blinded  pups  showed 
no  tendency  to  eat  their  hrst  meal  of 
solid  food  in  the  presence  of  a feeding 
adult. ^ 

So  one  way  in  which  adults  can  in- 
fluence the  initial  food  choices  of 
pups  during  weaning  is  as  a result  of 
their  physical  presence  at  a feeding 
site.  The  entire  phenomenon,  early 
total  avoidance  of  the  adult-avoided 
diet,  followed  by  continued  avoidance 
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in  isolation,  followed  by  gradual  ac- 
ceptance of  the  previously  avoided 
diet  can,  perhaps,  be  explained  in 
terms  of  a three-stage  process.  Initial- 
ly, the  pups  tend  to  approach  adults  at 
a distance  from  the  nest  site  and  begin 
feeding  in  their  vicinity.  They  become 
familiar  with  the  diet  which  the  adults 
are  eating,  and  then  avoid  alternative 
diets  because  of  their  novelty. 

Wild  rats  have  been  described  as 
strongly  neophobic, ^ that  is,  they 
show  a strong  tendency  to  avoid  novel 
foods  or  objects  in  the  environment. 
This  neophobia  could  be  responsible 
for  continued  avoidance  of  alternative 
diets  once  the  pups  have  become 
familiar  with  the  diet  which  the  adults 
of  their  colony  are  eating.  You  will 
remember,  for  example,  that  pups 
who  had  become  familiar  with  the 
adult-avoided  diet  in  the  nest  site, 
began  feeding  on  that  diet  sooner 
than  controls  who  had  not  been  ex- 
posed to  the  adult-avoided  diet  (Fig. 


16-6).  If,  in  fact,  neophobia  is  at  least 
in  part  responsible  for  continued 
avoidance,  one  would  expect  domestic 
rat  pups,  which  are  at  best  only  mildly 
neophobic, to  behave  quite  differ- 
ently from  wild  pups  in  our  basic  ex- 
periment. They  should  initially  follow 
adults  to  the  diet  they  were  trained  to 
eat,"^  but  should  then  transfer  feeding 
to  the  adult-avoided  alternative  more 
rapidly  than  wild  rats.  Figures  16-8a 
and  8b  report  observations  on  two  lit 
ters  of  domestic  pups  observed  in  our 
basic  experiment.  The  data  support 
the  notion  that  neophobia  is  impor- 
tant in  maintaining  the  pups’  avoid- 
ance of  the  adult-avoided  diet. 
Domestic  rat  pups,  although  initially 
feeding  on  the  same  diet  as  the  adults 
of  their  colony,  begin  to  eat  the 
adult-avoided  alternative  after  some  3 
to  5 days. 

Flavor  cues  in  mothers’  milk 

We  have  conducted  an  experiment  ® 
rather  similar  to  the  hrst  one  I de- 
scribed, but  different  in  one  very  im- 
portant respect.  Colonies  of  domestic 
rats  were  again  housed  in  3 x 6 ft. 
enclosures.  However,  in  this  experi- 
ment the  adults  were  removed  to  a 
separate  cage  where  they  were  fed 
either  Diet  A or  Diet  B for  3 hr/day 
depending  on  the  experimental  condi- 
tion to  which  their  colony  was  as- 
signed. While  the  adults  were  out  of 
the  colony  enclosure,  the  pups  were 
presented  with  two  standard  food 
bowls,  one  containing  Diet  A and  the 
other  Diet  B.  We  weighed  the  food 
bowls  after  each  3-hr.  feeding  session 
to  determine  the  amount  of  each  diet 
eaten  by  the  pups.  The  results  are  pre- 
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Figure  16-8.  Number  of  observed  approaches  to  and  feedings  from  Diets  A and 
B by  domestic  rat  pups  the  adults  of  whose  colony  had  been  poisoned  on  Diet  B. 
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sented  in  Figure  16-9.  As  is  apparent 
from  examination  of  the  figure,  the 
diet  being  fed  to  the  adults  is  affecting 
the  food  choices  of  the  pups  even 
though,  under  these  conditions,  the 
pups  and  adults  have  no  opportunity 
to  interact  directly  in  the  feeding  situa- 
tion. 

Again  there  are  a number  of  possi- 
ble explanations: 

( 1)  The  flavor  of  the  diet  ingested 
by  an  adult  rat  may  directly 
affect  the  flavor  of  its  feces 
and  ingestion  of  adult  feces 
may  cause  pups  to  pref- 
erentially ingest  diets  of  a 
similar  flavor  during  weaning. 

(2)  Particles  of  food  might  cling 
to  the  adults’  fur  and  vibris- 
sae,  and  the  pups  could  ingest 
these  and  become  familiar 
with  the  parents’  diet. 

(3)  The  flavor  of  the  diet  ingested 


pups  the  adults  of  whose  colony  are  eating 
Diet  A (Diet  A group)  and  Diet  B (Diet  B 
group)  when  adults  and  pups  have  no  oppor- 
tunity to  interact  in  a feeding  situation. 


by  a lactating  female  rat  dur- 
ing the  nursing  period  might 
directly  affect  the  flavor  of  her 
milk  and  cause  pups  to  prefer- 
entially ingest  similar  tasting 
diets  during  weaning. 

Our  data  indicate  that  it  is  the  third 
alternative  which  is  the  most  likely 
one.^*^  That  is,  the  milk  of  a lactating 
female  rat  contains  gustatory  cues  re- 
flecting the  taste  of  her  diet  with  suffi- 
cient accuracy  to  enable  her  pups  to 
identify  that  diet  during  weaning.  Let 
me  describe  an  experiment  which 
supports  this  conclusion. Rat  pups 
nursing  from  a lactating  conspecific 
female  eating  Diet  A,  were  force-fed 
V2  cc.  of  milk  hand  expressed  from  a 
second  lactating  female  eating  Diet  B 
and  then  poisoned  by  intraperitoneal 
injection  of  lithium  chloride  following 
their  force-fed  meal.  If  pups  treated  in 
this  way  show  an  aversion  during 
weaning  to  Diet  B itself,  the  diet  in- 
gested by  the  female  from  whom  milk 
was  hand  expressed,  in  comparison 
with  controls,  then  transfer  of  gusta- 
tory cues  reflecting  a lactating  female’s 
diet  would  be  clearly  demonstrated. 
Figure  16-10  presents  relevant  data. 

The  figure  indicates  the  amount  of 
Diet  B eaten,  as  a percentage  of  total 
intake,  by  pups  during  their  first  24 
hr.  of  feeding  on  solid  food.  Pups  in 
all  groups  were  reared  by  mothers 
eating  Diet  A.  Those  in  the  experi- 
mental group  received  a force-fed 
meal  of  milk  from  a lactating  female 
eating  Diet  B before  being  injected 
with  a toxin  (lithium  chloride),  while 
those  in  the  control  groups  were  in- 
jected with  toxin  24  hr.  prior  to  re- 
ceiving milk  from  a lactating  female 
eating  Diet  B (temporal  control), 
force-fed  milk  from  a lactating  female 
eating  Diet  A immediately  before 
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Figure  16-10.  Mean  percentage  of  Diet  B 
eaten  by  pups  during  their  first  24  hr.  of 
feeding  on  solid  food.  (Points  are  displaced 
laterally  to  facilitate  reading  of  the  figure. 
Flags  indicate  ± ISE^.) 

toxin  injection  (flavor  control),  or 
force-fed  milk  from  a lactating  female 
eating  Diet  A but  not  injected  (con- 
trol). Clearly,  only  those  subjects 
poisoned  immediately  following  in- 
gestion of  milk  from  a female  eating 
Diet  B show  a strong  aversion  to  Diet 
B at  weaning. 

At  this  point  one  might  reasonably 
ask  if  the  results  of  the  first  series  of 
experiments,  which  were  explained  in 
terms  of  the  influence  of  adult  pres- 
ence could  not  also  be  explained 
solely  in  terms  of  cues  contained  in 
mother’s  milk.  We  have  conducted  an 
experiment  which  indicates  that  adult 
presence  at  a feeding  site  is  sufficient 
to  determine  a pup’s  choice  of  loca- 
tion for  early  ingestion  independent 
of  cues  contained  in  mother’s  milk.®  A 
colony  of  adult  wild  rats  was  offered 


Diet  A for  3 hr/day  in  two  metal  bowls 
located  about  214  ft.  apart.  We  trained 
the  adults  to  feed  at  one  location  by 
shocking  them  whenever  they  ate  at 
the  other.  Diet  A was  present  in  both 
food  bowls  and,  therefore,  cues  con- 
tained in  mother’s  milk  would  be  of 
no  use  to  pups  in  selecting  one  feed- 
ing site  over  another.  Thus,  the  re- 
sults provide  a test  of  whether  adult 
presence  is  sufficient  to  determine 
feeding  site  selection  in  a situation 
that  is  not  confounded  by  the  influ- 
ence of  mother’s  milk.  As  is  apparent 
from  examination  of  Figure  16-11, 
which  indicates  the  percentage  of 
feedings  by  pups  at  the  location  at 
which  adults  fed,  adult  presence  has  a 
profound  effect  on  the  feeding  site 
preferences  of  the  young  indepen- 
dent of  the  effects  of  cues  incorpo- 
rated in  mother’s  milk.  The  compara- 
tively rapid  transition  by  the  pups  to 
feeding  at  the  site  avoided  by  the 
adults  supports  the  interpretation  of 
maintenance  of  avoidance  as  depen- 


Figure  16-11.  Mean  percentage  of  feedings 
by  wild  rat  pups  at  the  food  bowl  from  which 
the  adults  of  their  colony  were  eating  (Diet  A 
Bowl)  when  Diet  A was  present  in  both  food 
bowls  (experimental  group)  and  when  Diet  A 
was  present  in  one  food  bowl  and  Diet  B in 
the  other  (comparison  group). 
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dent  on  avoidance  of  novel  foods. 

There  are,  then,  at  least  two 
mechanisms,  each  sufficient  to  allow 
adult  rats  to  influence  their  youngs’ 
choice  of  diet  for  initial  ingestion. 
First,  gustatory  cues  incorporated  in  a 
lactating  famale’s  milk  reflecting  the 
flavor  of  her  diet,  are  sufficient  to 
allow  pups  to  recognize  that  diet  and 
to  cause  pups  to  preferentially  ingest 
it  at  weaning.  Second,  the  physical 
presence  of  adult  rats  at  a feeding  site 
attracts  pups  to  that  site  and,  con- 
sequently, can  affect  their  choice  of 
diet  for  early  ingestion. 


Residual  chemical  cues 

As  a result  of  consideration  of  data 
from  one  of  our  earlier  experiments, 
it  was  concluded  that  chemical  cues 
were  not  necessary  for  the  adults 
to  influence  the  feeding  preferences 
of  pups.  More  recently  Leon  and 
Moltz  have  demonstrated  that 

lactating  female  rats  excrete  material 
which  has  an  odor  highly  attractive  to 
rat  pups  from  16  to  23  days  of  age. 
Consideration  of  this  data  led  us  to 
examine  in  greater  detail  the  role  of 
residual  chemical  cues  in  the  deter- 
mination of  feeding  site  preferences 
in  weanling  rats.  Even  though  our 
data  indicate  that  chemical  cues  are 
not  necessary  for  the  adults  to  direct 
pups  to  a specific  feeding  location,  it  is 
possible  that  they  are  sufficient  for 
that  purpose.  The  experiment  de- 
scribed below  was  designed  to  deter- 
mine whether  or  not  chemical  cues 
deposited  in  an  environment  are  suf- 
ficient to  determine  pups’  choice  of 
location  for  early  ingestion  of  solid 
food.^ 


A lactating  female  rat  and  her  litter 
were  established  in  the  enclosure 
diagrammed  in  Figure  16-12.  The 
female  and  litter  were  left  in  the  en- 
closure 24  hr/day  on  ad  lib  food  and 
water  until  the  pups  reached  17  days 
of  age.  When  the  litter  reached  17 
days  of  age,  they  and  their  dam  were 
removed  from  the  enclosure  for 
3 hr/day  for  seven  consecutive  days. 
During  the  period  when  the  famale 
and  litter  were  absent  from  the  enclo- 
sure, pups  of  the  same  age,  taken 
from  litters  reared  without  the  oppor- 
tunity to  ingest  solid  food,  were 
placed  individually  in  the  enclosure 
and  the  barrier  illustrated  in  Figure 
16-12  was  removed.  Each  pup  was 
observed  on  closed  circuit  television 
for  50  min/day  for  seven  consecutive 
days.  The  amount  of  time  each  pup 
spent  eating  from  each  food  bowl  and 
the  amount  of  time  each  pup  spent 
exploring  in  the  previously  occupied 
and  unoccupied  end  thirds  of  the  en- 
closure were  recorded.  The  data  are 
presented  in  Figure  16-13. 

It  is  clear  that  chemical  cues  de- 
posited by  a lactating  female  rat  are 
sufficient  to  markedly  affect  the  feed- 
ing locations  selected  by  pups  during 
weaning. 


PARTITION 


1 / 


Figure  16-12.  Enclosure  used  to  determine 
the  effects  of  chemical  cues  on  the  explora- 
tory and  feeding  behavior  of  domestic  rat 
pups. 
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Figure  16-13.  Mean  proportion  of  time  spent 
by  individual  pups  exploring  and  eating  in 
the  end  of  the  enclosure  previously  occupied 
by  a lactating  female  and  her  litter. 


CONCLUSIONS 


It  would  appear,  then,  that  adult 
rats  can  affect  their  pups’  choice  of 
diet  for  initial  ingestion  in  three  ways: 
via  mother’s  milk,  via  their  physical 
presence,  and  via  the  deposition  of 
residual  chemical  cues.  Each  of  these 
three  mechanisms  is  sufficient  and 
none  necessary  to  support  the  social 
transmission  of  an  acquired  feeding 
preference. 

Both  consideration  of  the  data  pre- 
sented above  and  review  of  the  litera- 
ture suggest  that  the  social  transmis- 
sion of  behavior  results  from  a com- 
bination of  the  effects  of  a social 
interaction  between  transmitter  and 
recipient,  and  a predisposition  in 


the  recipient  to  respond  in  a particu- 
lar way  to  stimuli  encountered  as  a 
result  of  that  social  interaction.^  The 
transmitter  can,  for  example,  alter  the 
environment  in  such  a way  as  to 
channel  or  direct  the  behavior  of  the 
recipient.  In  the  present  series  of  ex- 
periments environmental  alteration 
was  achieved  via  the  physical  presence 
of  adults  at  a feeding  site  and  by  the 
deposition  of  chemical  cues.  Alterna- 
tively, responses  of  the  recipient 
directed  toward  the  transmitter  can 
introduce  the  recipient  to  selected 
aspects  of  the  environment  to  which 
the  recipient  then  responds  in  a 
specific  foshion.  The  use  of  flavor 
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cues  incorporated  into  mother’s  milk 
is  such  a process,  as  is  the  visually  di- 
rected approach  of  pups  to  adults. 

The  evidence  strongly  suggests  that 
the  social  transmission  of  acquired 
behavior  is  an  important  element  in 
the  adaptation  of  rats  to  their  envi- 
ronment. Rats  have  evolved  behavior 
patterns  which  permit  weanlings  to 
incorporate  the  acquired  feeding 
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preferences  of  adults  of  their  colony 
into  their  own  behavioral  repertoires. 
This  transmission  of  acquired  feeding 
patterns  should  greatly  facilitate  the 
pups’  transfer  of  feeding  from  milk  to 
solid  food,  reducing  the  time  spent  by 
young  rats  in  locating  needed  foods  in 
the  environment,  and  reducing  the 
probability  that  they  will  ingest  poison 
foods. 
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DISCUSSION 


Nowlis:  I just  wondered  if  you  ever 
observed  the  poisoned  rats  to  defecate 
around  the  poisoned  food? 

Galef;  As  you  may  know 
Steininger,^^  who  some  years  ago  de- 
scribed an  instance  of  traditional 
poison  avoidance  in  wildi?.  norvegicus, 
hypothesized  that  animals  which  had 
learned  to  avoid  ingesting  a toxic  bait 
warned  off  naive  conspecifics  by 
urinating  and  defecating  in  it.  In  con- 
trast, our  laboratory  observations  in- 
dicate that  both  domestic  and  wild 
rats  deposit  excreta  in  and  around  a 
food  source  they  are  utilizing,  not  one 
they  are  avoiding,  and  that  the  pres- 
ence of  fresh  excreta  will  attract  pups 
to  a feeding  site,  while  old  excreta  has 
no  observable  influence  on  feeding 
site  selection.^ 

Stanley:  Might  there  be  only  one 
mechanism,  not  three,  and  many  dif- 
ferent ways  to  bring  that  mechanism 
into  play?  Could  the  mechanism  be 
eating  a food  with  a distinctive  taste, 
or  with  a distinctive  form? 

Galef:  That’s  an  interesting  ques- 
tion. My  present  feeling  is  that  there 
are  two  fundamentally  different 


mechanisms  involved  here.  The  direct 
transmission  of  flavour  cues  through 
mother’s  milk  to  the  pups  is  very  dif- 
ferent from  the  attraction  of  pups  to  a 
location  at  which  food  is  available. 
Adults  seem  to  be  able  to  attract  pups 
to  a feeding  site  in  two  ways,  either  by 
being  physically  present  at  it  or  by 
excreting  in  its  vicinity. 

Stanley:  Will  the  cues  work  with- 
out food  ingestion? 

Galef:  The  pups  prefer  to  explore 
in  a scent  marked  area  or  in  the  vicin- 
ity of  adults  even  if  no  food  is  present. 

Stanley:  Suppose  you  expose  them 
to  the  odor  or  scent  of  the  feces  and 
never  let  them  eat.  Would  that  be 
enough  to  lead  them  to  prefer  simi- 
larly smelling  food?  If  it  were,  a 
mechanism  based  on  olfaction  alone 
could  be  assumed  because  the  com- 
mon factor,  eating,  had  been  ex- 
cluded. 

Galef:  I think  I see  what  you  are 
getting  at.  Michael  Leon  and  I are 
currently  engaged  in  an  experiment 
which  relates  to  all  three  of  your  ques- 
tions. Our  preliminary  data  indicate 
that  exposure  of  isolated  preweaning 


233 


Transmission  of  Feeding  Patterns 


albino  rats  to  an  arbitrary  odor,  we 
are  using  peppermint  extract,  is  suffi- 
cient to  cause  exposed  pups  to  prefer 
peppermint-extract  flavored  diet  at 
weaning.  If  this  effect  holds  up,  as  I 
expect  it  will,  it  suggests  that  all  of  the 
mechanisms  I’ve  been  discussing 
today  are  in  a sense  similar,  as  yOu 
suggested  in  your  first  question.  They 
all  involve  the  familiarization  of  the 
pups  with  the  taste  and  smell  of  a 
food.  So  one  can  conceive  of  the  in- 
gestion of  flavors  in  mother’s  milk  and 
the  tendency  of  pups  to  approach 
adults  at  a feeding  site  as  alternative 
means  by  which  pups  become  familiar 
with  a diet  and  come  to  prefer  it.  As 
you  suggested  in  your  second  ques- 
tion, ingestion  would  not  be  a neces- 
sary condition  for  the  development  of 
familiarity  with  a diet,  at  least  not  for 
the  development  of  familiarity  with  its 
smell.  In  answer  to  your  present  ques- 
tion, our  earlier  data  suggest  that 
differences  in  the  smell  of  feces  as  a 
function  of  diet  are  not  sufficient  to 
familiarize  pups  exposed  to  that  feces 
with  the  diet  of  the  animal  excreting 
it.  However,  I think  more  work  is 
needed  before  I’d  feel  confident  in 
totally  rejecting  that  notion. 

Le  Magnen:  It  is  a transmission  be- 
tween adults  and  young.  My  cowork- 
ers (J.  Danguir  8c  S.  Nicolaidis)  have 
shown  that  the  same  transmissions 
may  be  observed  between  adults. 

Galef:  We’ve  looked  at  the  ability 
of  adults  to  influence  the  dietary 
preference  of  conspecifics  in  situa- 
tions very  similar  to  those  we  use  with 
pups.  In  general,  the  effects  seem 
much  weaker  than  with  pups.  Adult 
rats  seem  to  be  less  susceptable  to  so- 
cial influence  in  choosing  diets. 

Le  Magnen:  It  is  a sort  of  mother 
conditioning? 


Galef:  Not  directly.  Rat  pups  of 
weaning  age  preferentially  approach 
an  area  scent  marked  by  an  adult  or 
containing  an  adult.  It  doesn’t  seem  to 
matter  if  that  adult  is  their  mother  or 
not.  Of  course,  experience  of  the 
mother  during  infancy  may  be  a 
necessary  precondition  for  the 
emergence  of  these  social  tendencies 
at  weaning.  We  don’t  know. 

Jacobs:  Although  it  is  clear  that 
early  experience  can  produce  strong 
effects  on  food  choice  when  tested  at 
weaning  and  shortly  thereafter,  other 
studies  have  shown  the  effects  to  be 
transient  when  tested  later  in  life.  In 
your  experiments,  you  have  shown 
post-weaning  effects.  What  happens  if 
you  test  these  animals  as  adults? 

Galef:  Unfortunately,  we  have 

never  left  the  adults  and  pups  to- 
gether for  more  than  40  days  so  we 
really  don’t  know.  My  suspicion  is  that 
if  you  left  a colony  of  wild  rats  intact 
until  the  pups  reached  adulthood, 
you  might  still  see  an  effect  of  the  first 
generation’s  learned  feeding  site 
preference  on  the  feeding  behaviour 
of  the  second  generation.  Steiniger’s 
field  data  suggest  this  influence  might 
last  indefinitely. 

Jacobs:  While  the  reinforcement  is 
continued? 

Galef:  In  Steiniger’s  situation  the 
poison  was  left  in  the  avoided  diets, 
but  he  claimed  that  the  second  gener- 
ation never  ate  any  of  the  poison  bait 
so  long  as  members  of  the  first  gener- 
ation were  still  alive. 

Jacobs:  I asked  this  question  be- 
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cause  social  interaction  in  the  colony 
may  itself  provide  many  sources  of 
reward  and  punishment  that  could 
well  influence  food  preferences.  A 
mechanism  for  this  is  suggested  by 
the  classic  studies  of  Bruce/  and 
Seward/’^  who  worked  on  the  role 
that  environmental  factors  can  play  in 
the  establishment  and  modification  of 
dominance/submission  hierarchies  in 
the  rat. 

Galef:  One  would,  of  course,  ex- 
pect aggressive  interactions  at  a pre- 
ferred feeding  site  to  result  in  the  dis- 
persal of  subordinates  to  less  desirable 
feeding  locations.  However,  as  Bruce 
indicated,  aggressive  competition  for 
food  is  rarely  seen  in  rats  unless  the 
necessity  for  food  competition  is  im- 
posed on  the  subjects  by  the  experi- 
mental situation.  We  were  careful  to 
provide  food  sources  of  sufficient  size 


to  allow  simultaneous  feeding  by  a 
number  of  animals  and,  as  is  generally 
the  case  in  established  rat  colonies  ^ 
aggression  among  adults  was  very 
rare.  Occasionally  adult  females 
would  “drub”  pups  (23  days  or  older) 
when  pups  got  between  them  and 
food.®  Our  impression  was  that  pups 
punished  in  this  way  tended  to  ap- 
proach the  feeding  site  when  the  ag- 
gressive individual  was  absent.  How- 
ever drubbing  clearly  did  not  cause 
the  pups  to  abandon  the  adult 
utilized  feeding  site  for  an  available 
alternative. 

In  summary,  I wouldn’t  expect  ag- 
gressive interactions  to  disrupt  the 
tendency  of  successive  generations  to 
feed  at  the  same  site  so  long  as  an 
adequate  supply  of  food  was  available 
there. 


' Bruce,  R.H.:  An  experimental  analysis  of  social  fac- 
tors affecting  the  performance  of  white  rats.  Ill  Domi- 
nance and  cooperation  motivated  by  water  and  food 
deprivation./,  comp.  Psychol.  31:395-412. 

•Seward,  J.P.:  Aggressive  behavior  in  the  rat.  II  An 
attempt  to  establish  a dominance  hierarchy.  J.  comp. 
Psychol.  38:21.3-224,  194.5. 
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mission as  determined  by  conditioning,  extinction  and 
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TASTE  EXPERIENCE  AND  THE 
DEVELOPMENT  OF  A DIETARY 
PREFERENCE  FOR  SWEET  IN  HUMANS: 
ETHNIC  AND  CULTURAL  VARIATIONS  IN 
EARLY  TASTE  EXPERIENCE 


Norge  W.  Jerome 


The  trend  toward  introducing 
supplementary  foods  to  infants  at  in- 
creasingly earlier  ages  has  been  noted 
by  many  authorsd’^^’^^’^^’^^  As  early  as 
the  first  month,  supplementary  baby 
foods,  primarily  juices,  are  included 
in  the  infant’s  diet.^^’^^  Some  authors 
have  expressed  concern  over  the  su- 
crose content  of  these  early  diets — 
especially  that  of  commercially  pre- 
pared strained  and  junior  foodsd’^® 
Analysis  of  proprietary  foods  in- 
gested by  infants  during  the  early 
months  of  life  reveal  that  added  su- 
crose makes  up  49  percent  of  the  car- 
bohydrate content  of  the  diet.  Fruits, 
juices  and  desserts — those  items  con- 
taining added  sugar  furnish  18-20 
percent  of  the  total  calories  of  the  3-9 
month  old  infant’s  diet.^^ 

These  developments  have  led  to  the 
postulation  that  widespread  use  of 
highly  sweetened  foods  during  the 
early  months  of  life  may  predispose 
the  infant  to  a taste  preference  for 
sweet  foods  in  later  life.^’^®  However, 
experimental  data  reveal  that  new- 
born human  infants  are  not  only  able 
to  preceive  sugars  but  also  show  a 
preference  for  “sweets.”  Accord- 
ing to  Mailer  and  Desor,^^  “the  pref- 


erence for  ‘sweets’  appears  very  early 
in  development  and  is  relatively 
independent  of  experience.”  Should 
one  be  concerned  about  developing  a 
dietary  preference  for  sweet  among 
infants  if  such  a preference  is  already 
established  at  birth? 

If  the  preference  for  “sweets”  as 
shown  among  human  newborns  in  the 
Nisbett  and  Gurwitz  and  Mailer  and 
Desor  studies  is  an  immutable 
and  universal  human  trait,  lacking 
additional  experimental  data,  further 
evidence  of  such  a trait  might  be  ob- 
tained from  ethnographic  cross- 
cultural  data  on  infant  feeding  prac- 
tices. If  the  preference  for  “sweets” 
among  human  newborns  is  a univer- 
sal human  trait,  infant  diets  in  most 
cultures,  even  among  hunter- 
gatherer  and  other  isolated  groups 
will  contain  items  to  indulge  that 
preference.  Ethnographic  materials 
provide  additional  advantages.  If 
early  experience  with  dietary  sweets  is 
critical  to  the  development  of  a pref- 
erence for  sweets,  then  cultures  lack- 
ing such  a tradition  will  either  reject 
or  be  neutral  to  dietary  sweets  in 
post-contact  situations. 

This  paper  will  provide  data  on  in- 
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fant  feeding  practices  in  various  cul- 
tures. It  attempts  to  integrate  the 
fragmentary  material  from  the  litera- 
ture and  so  provide  a cross-cultural 
overview  of  practices  showing  varia- 
tions in  use  of  dietary  “sweets”  in  early 
life.  It  will  also  describe  some  con- 
temporary dietary  practices  involving 
sweets  for  groups  whose  early  taste 


experience  and  traditional  diet  in- 
cluded few  “sweets.”  This  type  of 
overview  should  provide  the  uniniti- 
ated a better  understanding  of 
similarities  in  taste  preferences  (as 
expressed  by  the  use  and  consump- 
tion of  dietary  sweets)  among  groups 
with  diverse  early  taste  experiences  in 
a variety  of  cultures. 


“SWEETS”  IN  PRE-LACTEAL  AND  NEONATAL  DIETS 


Data  on  infant  and  child  feeding 
and  rearing  patterns  reveal  that  in- 
fants in  a great  many  cultures — 
modern,  high  income,  industrialized 
and  in  traditional,  low-income,  non- 
industrialized — are  given  sweet  liquid 
in  some  form  soon  after  birth.  Sugar 
and  honey  are  the  most  common 
items  served.  This  practice  has  been 
referred  to  as  “pre-lacteal  feeding.” 
The  infant  continues  to  receive  sweets 
in  his  diet  throughout  the  first  year  of 
life  and  presumably  thereafter.  The 
objective  is  to  provide  a diet  that  is 
protective,  appropriate,  pleasant  and 
palatable  as  defined  by  the  culture. 
Other  cultures  without  a tradition  of 
“pre-lacteal”  feeding  of  dietary  sweets 
nurture  their  infants  in  accordance 
with  ecological  and  cultural  dictates. 
Both  traditions  provide  insight  on  the 
concept  of  the  development  of  dietary 
preference  for  sweet  among  humans. 

In  a great  many  cultures,  prohibi- 
tions surrounding  the  colostrum  of 
the  new  mother,  the  meconium  of  the 
newborn,  and  the  physiology  of  lacta- 
tion and  of  the  newborn  have  dictated 
practices  which  favor  the  early  intro- 
duction of  “sweets”  in  the  feeding  of 
the  newborn.  These  prohibitions  or 
taboos  are  present  in  peasant  or  tran- 
sitional societies  as  well  as  among  the 


most  technologically  advanced.  They 
are  manifest  in  what  may  be  termed 
“neonatal  feeding  rites”  which  may 
last  from  one  day  to  one  week  prior  to 
breast,  hand,  or  bottle  feeding.  The 
duration  of  this  period  is  dependent 
upon  culture  and  the  beliefs  and  tradi- 
tions on  which  the  practice  is  based. 

The  neonate  ingests  clear  or  viscous 
liquids  which  are  distinctively  sweet. 
The  composition  and  viscosity  of  the 
liquid  are  associated  with  cultural  her- 
itage; however,  the  one  constant 
factor — sweetness — is  provided  by 
either  honey  or  sugar.  In  reference  to 
the  practice  of  giving  sugar  and  water 
to  the  newborn  in  the  U.S.A., 
Wickes  linked  the  custom  to  a sur- 
vival of  practices  which  had  been  ini- 
tiated by  the  Greeks  and  Romans  and 
continued  by  the  English  and  French 
in  the  I7th  Century.  Even  today,  one 
of  the  first  experiences  of  the  new- 
born in  U.S.  hospitals  is  the  taste  of  5 
percent  glucose  solution.  Physicians 
defend  this  practice  by  stating  the 
need  to  assess  the  functioning  of 
the  newborn’s  digestive  system  im- 
mediately after  birth  and  by  assert- 
ing that  “the  newborn  tolerates  glu- 
cose better  than  water.”  Nisbett  and 
Gurwitz  and  Mailer  and  Desor 
have  provided  experimental  data  in 
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support  of  this  heretofore  subjective 
observation. 

The  practice  of  giving  babies  sugar, 
honey,  oil  and/or  spices  immediatly 
after  birth  has  been  described  for 
1 many  countries  in  South  and  Central 
I America.  These  neonatal  feeding 
I practices  are  based  on  beliefs  held 
I about  both  the  meconium  and  colos- 
! trum.  The  Reichel-Dolmatoffs’  de- 
scription of  neonatal  feeding  practices 
in  a Colombian  mestizo  village  is 
[ typical. 

j ...  If  the  mother’s  milk  should  not  have 
appeared  during  the  first  day  after  birth, 

I the  baby  is  given  a few  spoonfuls  of 
j lukewarm  water  containing  some  raw 
sugar,  prepared  and  administered  by  the 
midwife  or  some  other  adult  woman,  but  as 
soon  as  the  milk  begins  to  flow  the  infant  is 
breast  fed  . . . Practically  all  women  who 
have  milk  nurse  their  babies,  but  among 
the  poorer  people  there  are  many  who  are 
; undernourished  and  cannot  breast-feed 
them.  If  they  can  afford  it,  they  will  try 
bottle-feeding  with  powdered  milk,  but  as 
this  product  is  very  expensive  by  local 
standards,  they  usually  prepare  sweetened 
rice  water,  or  simply  lukewarm  sugar  wa- 
ter, sometimes  containing  a bit  of  milk. 
Milk,  when  available  is  always  diluted  with 
water  and  heavily  sweetened.  . . . 

At  about  two  weeks  after  birth,  the  baby  is 
given  little  spoonfuls  of  sweetened  rice 
water,  and  tea  of  dried  rose  leaves  or  of 
siempreviva  (Gomphrena  sp.),  sweetened 
i with  sugar  . . . “so  he  will  have  a healthy 
j color.  . . .”  [p.  80] 

I Huenemann’s  account^®  of  infant 
I feeding  practices  in  a Peruvian  village 
j revealed  the  practice  of  giving  some 
sort  of  sugar  solution  soon  after  birth 
I until  such  time  as  the  breast  was 
given.  Some  infants  received  plain 
sweetened  water,  while  others  were 
:j  given  sweetened  water  supplemented 
^ with  almond  oil,  anise,  cinnamon, 

I molasses,  or  herbs.  Wellin^^  also  made 


observations  on  the  liberal  use  of 
sugar  in  early  feeding  in  another 
Peruvian  village.  Behar’s  report  ^ on 
the  dietary  pattern  of  infants  in  a 
Mayan  Indian  community  made  ref- 
erence to  “liquids — usually  water  with 
sugar  given  to  most  children  during 
the  early  weeks  after  birth.” 

As  recently  as  one  generation  ago  in 
my  native  island  Grenada,  the  new- 
born was  given  a mixture  of  honey, 
olive  oil  and  spices  soon  after  birth.  In 
addition  to  its  cleansing  properties, 
the  highly  viscous  mixture,  locally  re- 
ferred to  as  “Luck”  was  believed  to 
bring  good  luck  to  those  who  ingested 
it. 

The  Polynesian  neonatal  feeding 
tradition  varies  only  slightly  from  that 
described  for  the  Caribbean  and  Latin 
American  countries.  Mead  provided 
a bird’s  eye  view  of  infant  feeding  in 
Samoa.  In  addition  to  mother’s  milk, 
babies  were  given  sugar  cane  juice 
and  papaya  during  their  first  week. 
Unfortunately,  the  report  does  not 
indicate  whether  the  ingestion  of 
sugar  cane  juice  preceded  lactation. 

In  South  and  South-east  Asia, 
neonatal  feeding  practices  are  largely 
associated  with  beliefs  about  colos- 
trum. Robinson,^®  reporting  about 
India  in  general,  stated  that  during 
the  first  24  hours  after  birth,  water 
with  sugar  or  honey  is  given  prior  to 
putting  the  infant  to  the  breast.  Arora 
and  Kual  ^ observed  similar  practices 
in  central  Indian  communities.  In- 
fants were  never  put  to  the  breast  be- 
fore 24  hours  after  birth;  honey, 
however,  was  the  most  popular  pre- 
lacteal  feed  among  all  communities. 
Minturn  and  Hitchcock  made  simi- 
lar observations  in  the  study  of  child 
rearing  in  the  village  of  Khalpur. 
Their  ethnographic  report  also  re- 
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ferred  to  a dish  served  the  newborn 
which  consisted  of  about  one  cup  boil- 
ing water,  caraway  seed,  two  puffed 
sugar  candies  and  a pinch  of  ashes. 
Rao  et  al  confirmed  this  observation 
for  southern  India.  Dates  and  castor 
oil  were  added  to  the  list  of  items 
given  during  the  first  three  days  after 
birth  before  the  baby  is  put  to  the 
breast. 

The  custom  in  urban  West  Bengal 
is  essentially  similar;  Mukherjee  re- 
ports that  during  the  first  few  days 
after  birth  when  milk  flow  was  not 
sufficient  the  neonate  received  plain 
water,  but  more  commonly  sugar  or 
sugar-candy  (misri)  water. 

Burmese  and  Pakistani  practices 
are  essentially  similar  to  those  ob- 
served in  various  Indian  com- 
munities. In  Upper  Burma,  the  neo- 
nate ingests  honey  served  from  mus- 
lin dipped  in  honey. Similarly, 
Pakistani  neonates  are  fed  a mixture 
of  ghee,  sugar  and  honey  mixture 
given  with  the  finger. 

The  practice  of  giving  sweet  liquid 
to  neonates  immediately  after  birth  is 
probably  more  widespread  than  the 
above  reports  indicate.  Without  an  in- 
timate knowledge  of  the  culture,  re- 
searchers may  fail  to  uncover  such 
practices.  Moreover,  most  of  the  re- 
search on  infant  and  child  feeding 
practices  and  patterns  were  con- 
ducted by  individuals  or  teams  of 


workers  who  were  primarily  con- 
cerned with  the  nutritional  contribu- 
tion of  breast,  bottle  or  supplemen- 
tary feeding  to  the  infant’s  health 
status. 

As  has  been  shown  for  selected 
Western,  Latin  American  and  Asian 
cultures,  the  custom  of  introducing 
“sweets”  into  the  newborn’s  diet  is 
linked  with  cultural  views  on  the 
physiological,  medicinal  and  sensory 
needs  of  newborns.  Goals  of  achieving 
both  biological  and  sensory  needs  are 
well  described  by  Childs  ® in  com- 
municating his  observations  on  the 
Umbundu. 

. . . from  the  time  of  its  birth  a little  gourd 
or  pot  of  beer  (ocisangua)  is  set  aside  for 
the  baby.  It  is  tasty,  very  tasty.  Into  that 
beer  they  throw  some  sweet-smelling  med- 
icine. The  medicine  helps  that  the  stomach 
may  not  ache  and  that  worms  may  not 
come.  The  chief  purpose  of  the  beer  and 
the  sweet-smelling  medicines  is  to  tempt 
the  baby  to  eat  and  drink,  for  it  is  believed 
that  a baby  is  born  with  its  senses  of  taste  and 
smell  fully  developed  . . . (emphasis  mine) 
In  describing  the  quantitative 
aspects  of  supplementary  feeding, 
Behar  commented  appropriately  by 
stating  “the  real  intent  of  mothers  was 
to  develop  in  the  children  a taste  for 
foods  other  than  breast  milk  and  to 
accustom  them  to  their  use  (emphasis 
mine),  rather  than  to  provide  added 
nutrient.” 


SWEETS”  IN  POST-NEONATAL  FEEDING  PATTERNS: 
THE  FIRST  YEAR 


Low  income  countries 

A cursory  look  at  supplementary 
feeding  practices  * during  the  post- 
neonatal  period  indicates  that  those 
engaged  in  infant  and  child  feeding 

* Practices  which  exclude  breast  feeding  e.g.  feeding 
by  hand,  bottle,  jar,  dish,  etc. 


sought  to  achieve  four  basic  goals — 
palatability,  nutrition,  health,  and 
perpetuation  of  adult  foodways.  The 
“proper  taste”  was  achieved  by  includ- 
ing sugar  and  other  flavoring  ingre- 
dients, while  nutrition  and  health 
were  guaranteed  by  excluding  those 
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' items  deemed  harmful  to  the 
j;  infant,  usually  meat,  fish  and 

il  eggs — bland  foods  of  high  protein 
I content  which  were  generally  thought 
to  cause  worms.  Staples  of  the  adult 
I diet  were  prepared  in  ways  which 
;!!  could  be  readily  accepted  and  utilized 
III  by  the  infant.  Thus,  cereals,  roots, 

I fruits,  and  vegetables  were  mashed, 
'll  pre masticated,  blended,  creamed  and 
j|  sweetened  to  conform  to  the  adult’s 
I view  of  consistency  and  taste  appro- 
ij  priate  for  the  human  infant.  These 
fj  basic  principles  are  illustrated  in  de- 
I scriptions  of  supplementary  diets  in  a 
I variety  of  cultures. 

I Jelliffe  and  Swaminathan’s 
|:  comprehensive  reviews  of  infant  feed- 

■ ing  in  40  countries  in  the  subtropics 
! and  tropics  (low  income  countries)  re- 
ji  vealed  some  basic  similarities  in  the 
||i  supplementary  diets  designed  for  in- 
; fants.  Among  these  are  breast  feed- 
I ing,  the  introduction  of  semi-splid 
foods  during  the  second  semester,  or 
second  year  in  the  majority  of  Far 
Eastern  countries  and  in  the  Pacific 
Islands;  and  the  widespread  and  lib- 
eral use  of  sugar  in  infant  food  prep- 
I aration  or  in  products  served  infants. 

The  maize  porridge  of  West  Africa 
' parallels  the  cornstarch  pudding 
“mehallabiah”  of  the  Middle  East 
I countries,  the  “chipatties”  of  Pakistan, 
j the  cassava  and  millet  gruel  of  Central 
; Africa,  the  maize  gruel  of  East  Africa, 
I and  maize  porridge  of  South  Africa. 

I 'I  These  products  are  also  similar  to  the 
1 cereal  and  cassava  gruels  (atoles)  of 
! South  and  Central  America,  the  rice 
i porridge  or  gruel  of  India,  Ceylon 
and  South-east  Asia,  the  banana 
i gruels  of  South-east  Asia  and  the 
y cornmeal,  arrowroot  and  oatmeal 
ij  porridge  of  the  West  Indies.  The 
chucula  of  Panama  (a  popular  thick 


drink  made  of  maize  flour,  ground 
cocoa  beans,  cane  juice  or  sugar  and 
water)  fed  infants  of  the  San  Bias 
Indians  of  Panama  as  described  by 
Jelliffe  et  al  also  fall  in  this  category. 
In  summarizing  the  supplementary 
diets  in  Africa,  Davies  ® states  that 
while  the  diet  varies  from  place  to 
place,  the  supplements  consist  only  of 
watery  gruels  or  sweet  foods  like  the 
banana. 

Most  of  the  preparations  are  well 
fortified  with  sugar;  in  addition, 
sweetened  condensed  milk  remains  a 
staple  in  most  diets.  Milky  tea, 
sweetened  with  large  amounts  of 
sugar  is  a staple  of  the  Middle  East, 
some  North  and  Central  African 
countries  and  the  Pacific  Territories; 
while  sweetened  bush  tea  is  a staple  of 
many  West  Indian  islands.  So-called 
bland  foods — meat,  unsweetened 

milk  and  eggs  are  conspicuously 
absent. 

Is  early  experience  with  sweet 
through  supplementary  infant  prep- 
arations peculiar  to  the  tropics,  sub- 
tropics and  low  income  countries? 
The  data  would  indicate  that  while 
the  degree  of  sweetness  for  any  given 
item  may  vary  in  accordance  with  cul- 
tural food  traditions  and  preferences, 
the  total  amount  of  sugar  added  to 
infant  supplementary  foods  may  not 
differ  substantially  between  high  and 
low  income  countries. 

High  income  countries 

In  modern  societies,  breast  milk 
remains  one  of  the  very  few  items  in 
the  infant’s  diet  which  has  resisted  the 
direct  addition  of  sugar.  Con- 
sequently, if  current  trends  in  early 
diet  supplementation  continue,  op- 
portunities for  including  sweets  in  the 
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infant’s  diet  in  early  life  will  increase. 

Frequency  of  breast  feeding  in  the 
U.S.A.  was  estimated  to  be  26  percent 
in  1965.  Since  1958,  the  frequency  of 
breast-feeding  at  age  one  month  has 
remained  constant  at  about  20  per- 
cent of  the  infant  population.  By  age 
4 months  breast-feeding  decreased  to 
8 or  10  percent  of  the  infant  popula- 
tion and  by  age  6 months  only  about  5 
percent  of  infants  were  breast-fed. 

It  is  believed  that  recent  develop- 
ments among  U.S.  college-educated 
middle  and  upper  income  women  and 
lay  organizations  to  reverse  this  trend 
will  change  these  hgures.  It  is  doubt- 
ful, however,  that  teenage  mothers 
and  those  of  U.S.  ethnic  minority 
groups  with  very  limited  income  will 
follow  this  trend.  The  decline  in  in- 
fant breast-feeding  is  typical  of  the 
modern  industrialized  world. 

Results  obtained  from  U.S.  regional 
and  ethnic  studies  on  infant  and  child 
feeding  patterns  and  practices  sup- 
port the  data  obtained  from  national 
studies.  A recent  report  on  a study  of 
nutrition  of  infants  and  pre-school 
children  in  the  North  Central  Region 
of  the  U.S.  showed  that  75  percent  of 
the  2,000  mothers  in  the  study  bottle- 
fed  their  children  exclusively;  22  per- 
cent breast-fed  their  infants,  and  3 
percent  employed  a combination  of 
breast-  and  bottle-feeding  from  birth. 
Two-thirds  of  the  mothers  who 
breast-fed  their  infants  discontinued 
the  practice  at  3 months.^”  In  the 
U.S.,  the  trend  away  from  breast- 


feeding and  toward  formula  feeding 
and  the  early  introduction  of 
supplementary  foods  transcends  eth- 
nic groups.  Jerome  and  co-workers 
obtained  data  on  infant  feeding  prac- 
tices from  a predominantly  Afro- 
American  community  in  the  north 
central  region.  Their  findings  were 
very  similar  to  the  national  and  re- 
gional figures.  By  the  time  the  infant 
is  3-4  weeks  old,  in  addition  to  a 
commercial  or  evaporated  milk  for- 
mula, it  has  begun  to  receive  orange 
juice,  and  cereal  (usually  rice)  with  ! 
added  sugar.  At  3 months,  infants  are 
fed  commercially  prepared  vegeta-  \ 
bles,  fruits  and  desserts  (the  latter  two 
with  added  sugar). 

While  commercially  prepared  in- 
fant formulas,  other  foods  marketed 
for  infant  consumption,  and  medica- 
tions like  cough  syrup  and  vitamin 
drops  are  prepared  with  what  might 
be  considered  unnecessary  sugar. 
United  States  folk  practices  of  only  a 
few  decades  ago  endorsed  the  use  of  | 
large  amounts  of  sugar  as  an  ingre-  f 
dient  in  baby  foods,  and  as  an  infant  !| 
pacifier.  The  “sugar  teat” — a nipple  | 
dipped  in  sugar  and  handed  to  the  j 
irritable  child  to  suck  on  in  order  to 
pacify  him,  and  the  “sugar  sack” — a |i 
small  cloth  sack  filled  with  sugar  and 
given  to  the  infant  to  suck  on  in  order 
to  soothe  and  comfort  him,  go  back 
just  one  generation.  The  goal  was  to 
comfort,  please,  and  reassure  the 
infant. 


SWEETS”  IN  EARLY  CHILDHOOD  FEEDING  PATTERNS 
OF  HIGH  INCOME  COUNTRIES 


Inclusion  of  dietary  sweets  con- 
tinues through  early  childhood. 
Analyses  of  food  energy  reported  by 
Eppright  et  al  showed  that  intake  of 


candy  and  soft  drinks  was  positively 
related  to  the  food  energy  con- 
stituents of  the  diet,  particularly  car- 
bohydrates. As  the  children  became 
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older  and  larger  they  obtained  more 
food  energy  from  soft  drinks  and 
candy.  “Mothers,”  they  reported, 
“used  sweet  foods  as'  rewards,  and 
deprivation  of  sweet  foods  as  a 
punishment.  Yet,  one  of  their  major 
concerns  was  that  the  children  ate  too 
many  sweets.” 

Sweet  foods  appear  to  be  a die- 
tary staple  in  many  technologically 


advanced  countries.  Samuelson’s 
report  on  health  and  nutrition  of 
1,401  children  aged  4 to  13  residing 
in  two  rural  areas  and  one  city  in  a 
northern  Swedish  county  revealed  a 
tendency  to  consume  a diet  rich  in  fat 
and  refined  sugar  products.  A sig- 
nificant portion  of  the  food  energy 
was  obtained  from  sugar  products. 


TRENDS  IN  SUGAR  CONSUMPTION 


In  discussing  patterns  and  trends  in 
carbohydrate  consumption  Yudkin 
demonstrated  associations  between 
national  wealth  and  the  purchase  of 
more  sugar-containing  manufactured 
foods.  Per  capita  consumption  of  com- 
mercially prepared  sugar-containing 
foods  increases  with  income.  As 
a country  moves  from  poverty  to 
affluence,  there  is  a small  rise  in  pro- 
tein intake,  a considerable  rise  in  fat 
consumption,  and  a drop  in  starch 
consumption  that  is  about  the  same  as 
the  rise  in  sugar.  Much  of  the  sucrose 
in  the  diets  of  the  high-consuming 
countries  is  found  in  manufactured 
foods  such  as  candy,  jams,  jelly,  soft 
drinks,  ice  cream,  cakes  and  cookies. 
For  Western  countries,  the  average 
intake  of  sugar  is  usually  between  15 
and  20  percent  of  the  energy  value  of 
the  diet.'^®  Yudkin  fears  that  in  the 
poorer  countries  the  consumption  of 
sugar  and  sugar-containing  foods 
may  be  responsible  for  malnutrition, 
especially  for  protein  deficiency  in 
children.  In  the  wealthier  countries, 
there  is  evidence,  he  says,  that  sugar 
and  sugar-containing  foods  contri- 
bute to  several  diseases,  including 
obesity,  dental  caries,  diabetes  mel- 
litus  and  myocardial  infarction. 
Cohen’s  studies  associated  with 
Yemenite  immigrants  in  Israel  sup- 
port these  fears. 


Information  on  specific  countries 
show  similar  trends.  Data  reported  by 
the  U.S.  Department  of  Agriculture 
showed  that  poorer  families  (<$1,000 
to  $5,000  per  year)  consumed  more 
household  sugar  than  did  higher- 
income  families,  who  consumed  much 
more  of  their  sugar  in  the  form  of 
commercially  prepared  foods. 

The  association  between  income 
level  and  consumption  of  dietary 
sweets  was  shown  in  Owen’s  study. 
Cereal  grains  were  major  contributors 
of  iron  and  calories  in  children’s  diets. 
Within  this  broad  food  group,  breads, 
rolls,  biscuits,  cereals,  pastas,  and 
grain  mixtures  contributed  progres- 
sively fewer  calories  as  socio-economic 
level  increased  while  cakes,  cookies, 
pies,  and  sweet  rolls  contributed  more 
calories  for  children  in  high 
socioeconomic  groups. 

Are  the  national  trends  in  the  use  of 
sugars  and  sugar  manufactured 
goods  manifestations  of  early  experi- 
ences with  sweets?  Or  do  they  subtly 
express  economic  and  technologic 
states  (resource  distribution)  within 
and  among  countries?  Some  clues 
might  be  obtained  from  additional 
ethnographic  reports  of  groups 
whose  traditional  diets  are  relatively 
sugar-free. 
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The  local  ecology,  level  of  technol- 
ogy, and  relative  freedom  of  taboos 
surrounding  birth  are  closely  linked 
to  the  composition  of  neonatal  and 
infant  diets.  Studies  of  hunter- 
gatherers  show  that  the  diets  of  these 
nomadic  groups  are  based  on  the  local 
ecology  and  are  relatively  free  of 
sugar.  Honey  and  ripe  fruit  are  prac- 
tically the  only  items  with  sugar  con- 
tent served  to  infants  in  hunter- 
gatherer  groups. 

The  Hadza  (or  Watindiga)  are  a 
small  hunting  and  gathering  group 
living  in  an  area  adjacent  to 
Lake  Eyasi  in  northern  Tanzania 
(Tanganyika).  It  is  believed  that  the 
Hadza  may  be  related  to  the  Bushmen 
of  South  Africa.  Their  diet  consists  of 
grain,  fruits,  seeds  and  berries.  In- 
fants are  breast-fed  for  long  periods, 
usually  until  another  pregnancy.  In 
addition  to  breast  milk  the  infant  is 
fed  rendered  soft  fat  as  from  the 
zebra,  raw  or  cooked  bone  marrow, 
seeds  of  the  baobab  fruit,  and  honey. 
Overall,  their  nutritional  status  is  said 
to  be  excellent  and  dental  caries  are 
almost  absent. It  would  be  ex- 
tremely useful  to  secure  information 
on  the  Hadza’s  response  to  “sweets”  in 
post-contact  situtations. 

The  diet  of  the  Bushmen  of  the 
Kalahari  desert  is  also  solely  depend- 
ent on  the  local  ecology  and  there- 
fore virtually  sugar-free.  Mongongo 
nuts  and  meats  form  the  mainstay  of 
the  diet;  included  are  small  quantities 
of  roots,  melons,  edible  gums,  bulbs 
arid  dried  frliits.^^  The  Samburu, 
a nomadic  Masai-speaking,  Nilo- 


Hamitic  tribe  of  northern  Kenya  rep- 
resents but  one  other  group  with  no 
known  history  of  dietary  sweets.^® 
Milk  is  the  staple  diet  of  the  males  in 
the  community,  and  meat  is  the  only 
major  item  included  in  the  diet.  Veg- 
etables play  practically  no  part  in  the 
diet  and  maize-meal  (“posho”),  while 
eaten  in  many  settlements,  is  con- 
sumed mainly  by  married  women  and 
young  children.  Infants  are  put  to  the 
breast  soon  after  birth  and  thereafter, 
on  demand.  Supplementary  feeding 
with  milk  starts  a week  later,  or  even 
earlier  should  the  mother  have  little 
or  no  milk  of  her  own.  At  about  18 
months  meat  is  introduced,  and 
thereafter  milk  and  meat  form  the 
usual  diet.  LeVine  and  LeVine  have 
described  the  details  of  traditional 
neonatal  feeding  practices  of  the 
Nyansongo  of  Kenya.  They  have  no 
taboos  against  the  colostrum  and 
nurse  the  newborn  at  the  breast  from 
its  first  day.  Prior  to  breast  feeding, 
juice  cooked  from  the  leaves  of  a 
pumpkin  squash  plant  is  fed  to  the 
infant  “to  wash  out  its  feces”;  later,  a 
few  hours  after  birth  a bit  of  liquid 
porridge  is  put  into  the  infant’s 
mouth  to  stimulate  the  appetite. 

Sucrose  is  obviously  not  a necessary 
ingredient  in  the  diets  of  these 
groups.  Apparently,  the  human  in- 
fant is  able  to  thrive  with  minimal 
dietary  sucrose.  However,  how  would 
similar  groups  with  traditional  low 
sucrose  diets  respond  to  the  introduc- 
tion of  sucrose,  bakery  goods,  candy 
and  other  “sweets”  in  post-contact 
situations? 
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TRANSFORMING  LOW-SUGAR  TRADITIONAL  DIETS  TO 
HIGH-SUGAR  NON-TRADITIONAL  DIETS 


Diets  of  infants  and  adults  change 
when  contact  with  Caucasians  and  the 
“modern”  Western  world  bring  new 
foods  to  the  traditional  dietary. 
Gonzalez  has  provided  an  excellent 
review  of  the  changing  dietary  patterns 
of  North  American  Indians.  In  all 
areas,  many  of  the  items  currently 
available  at  stores  or  trading  posts  and 
which  are  purchased  for  most  meals 
include  sugar,  molasses,  syrup,  honey, 
tea  and  coffee.  Gonzalez  asserts  that 
the  increasing  dependence  upon  pur- 
chased supplies  results  in  the  popular- 
ity of  soft  drinks  and  sweets,  such  as 
sweet  rolls,  cakes,  doughnuts  and 
others  that  are  available  in  every  store 
catering  to  Indians.  A similar  case  can 
be  made  for  the  Maoris  of  New 
Zealand;^^’^^  and  for  the  northern 
Alaskan  Eskimos. 

To  date,  there  have  been  no  reports 
on  any  group  with  a non-sugar  tradi- 
tion rejecting  sugar,  sweetened  con- 
densed milk,  sweetened  beverages. 


sweetmeats,  pastries,  confectionary  or 
other  sweet  dietary  items  after  their 
introduction  into  the  culture.  In  fact, 
a recent  study  on  sucrose  intolerance 
in  northern  Alaskan  Eskimos  revealed 
that  sucrose  intolerant  individuals 
continued  to  consume  sucrose  despite 
the  discomforts  associated  with  the  of- 
fending items. ^ 

Eor  many  cultures,  traditional 
meat-vegetable-fruit  diets  supplying 
negligible  amounts  of  sucrose  from 
plant  sources  are  being  transformed 
to  diets  which  are  extremely  high  in 
sucrose.  It  can  be  surmised  that  for 
those  groups,  early  taste  experience 
with  “sweets”  was  not  a necessary  pre- 
condition for  the  development  of  a 
preference  for  “sweets.”  The  physical, 
social  and  technologic  environments 
which  include  marketing  and  dis- 
tribution practices  seem  to  be  more 
closely  linked  to  a preference  for 
“sweets”  than  early  stimulation  of 
taste  buds. 


SUMMARY  AND  DISCUSSION 


It  is  obvious  that  infant  diets  are  as 
varied  as  the  ecology  and  cultures 
from  which  they  arise.  Many  cultures 
provide  pre- lacteal,  neonatal  feeds  for 
the  newborn;  many  of  these  feeds 
have  a sugar  and  honey  base,  others 
do  not. 

Despite  basic  cultural  differences  in 
infant  feeding,  first-year  diets  of  di- 
verse groups  are  basically  similar  in 
that  they  consist  of  items  from  the 
adult  dietary  which  had  been  mod- 
ihed  slightly  to  aid  digestion  and  gain 
acceptance  by  infants.  In  many  cul- 
tures the  latter  goal  is  achieved 


through  sugar.  Do  these  practices  aid 
in  developing  a dietary  preference  for 
“sweet”?  The  answer  is  not  clear  since 
populations  with  different  dietary  his- 
tories also  demonstrate  a preference 
for  sweet.  Apparently,  if  “sweets”  are 
available  groups  select  and  use  them, 
to  a greater  or  less  extent,  in  a variety 
of  home-prepared  or  manufactured 
foods,  depending  upon  the  resources 
available  to  them. 

Would  knowledge  of  an  almost  uni- 
versal preference  for  dietary  “sweets,” 
coupled  with  the  health  hazards  as- 
sociated with  high  sucrose  consump- 
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tion  aid  in  redirecting  product  de- 
velopment, distribution  patterns, 
marketing  strategies  and  consump- 
tion practices?  Any  change  in  con- 
sumption practices  to  achieve  desired 
health  goals  would  require  responsi- 
ble action  by  provider  groups  (gov- 
ernment, industry  and  other  change 
agents)  and  consuming  populations. 

Change  in  food  consumption  styles 
may  be  readily  achieved  through  in- 
fant diets.  Observations  of  immi- 
grants and  in-migrant  groups  have 
indicated  that  in  their  effort  to  pro- 
vide the  best  for  their  infants, 
mothers  readily  adopt  the  infant  feed- 
ing styles  of  those  they  emulate. 
Aykroyd  and  Hossain’s  ^ description  of 


the  artificial  feeding  regimen  adopted 
by  new  Pakistani  immigrant  mothers 
in  Britain  furnishes  additional  data  on 
this  subject.  The  diets  of  the  infants 
born  to  recently  migrated  Pakistani 
mothers  were  changed  to  conform 
with  current  British  methods  al- 
though the  Pakistani  adult  diet  still 
consisted  almost  entirely  of  traditional 
foods.  My  ethnographic  data  on  in- 
fant feeding  of  Afro-American  in- 
fants in  Kansas  City  support  these 
findings.  If  mothers  are  convinced 
that  a proposed  diet  is  suitable,  safe, 
pleasant,  palatable,  convenient  and 
stylish  they  readily  adopt  it  for  their 
infants. 
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DISCUSSION 


Nowlis:  Up  until,  I believe,  a cen- 
tury ago  there  was  a practice  in 
Europe  of  feeding  infants  pre- 
masticated foods.  The  pre-masticated 
food  was  transferred  from  the 
mother’s  mouth  to  the  infant’s  mouth. 
That  fascinated  me.  I wondered 
about  what  sorts  of  things  the  adults 
would  choose  to  pass  to  the  child  in 
this  manner.  I even  wondered 
whether  there  was  any  predigestion  of 
starches  to  make  it  more  sweet. 

Jerome:  Yes.  Most  foods — starches 
and  meats — were  premasticated  and 
then  transferred  from  the  mother’s 
mouth,  either  directly  or  by  hand,  to 
the  infant’s  mouth  in  most  societies 
including  European  societies.  Ptyalin, 
a starch  enzyme  present  in  saliva,  acts 
in  breaking  down  complex  cooked 
starches  at  that  stage  to  dextrins  and 
maltose  (malt  sugar). 

Nowlis:  Is  there  any  culture  now- 
adays that  still  practices  this? 

Jerome:  Oh  yes,  of  course.  This 
practice  still  continues  among  groups 
whose  technology  provides  no  other 
means  for  softening  foods  for  infants. 
The  mouth’s  apparatus — the  original 
blender — is  still  used  among  many 
hunter-gatherer  groups,  for  example. 

Nowlis:  Are  there  any  indications 
of  how  the  choice  is  made?  Which 


foods,  for  example,  are  excluded 
from  the  infant’s  diet? 

Jerome:  Eood  selection  varies  from 
culture  to  culture.  Every  culture  has  a 
definition  of  what  is  appropriate  for 
infants  immediately  after  birth  and 
during  the  first  weeks  of  life.  Cultural 
definition  of  “appropriate  foods”  con- 
tinues until  the  child  is  weaned  to 
adult  foods.  Often,  specific  dietary 
items  are  considered  taboo  foods  for 
infants  and  very  young  children  and, 
therefore,  are  excluded  from  their  di- 
ets. Meats,  fish  and  eggs,  for  example, 
which  are  said  to  give  children  worms 
are  often  excluded  from  the  diet  of 
infants  and  young  children  who  are 
being  raised  traditionally  in  certain 
African  cultures.  Those  items  which 
are  defined  as  appropriate  for  the  in- 
fant and  young  child  and  which  re- 
quire pre-mastication  or  blending  are 
subjected  to  those  procedures.  You 
will  note  that  despite  the  wide  range 
of  baby  foods  produced  commercially 
in  our  culture  we  have  not  yet  seen 
jars  of  caviar,  oysters,  fish,  lobster  or 
shrimp.  Obviously,  in  the  U.S.  these 
food  items  are  not  considered  ap- 
propriate for  babies. 

Moskowitz:  This  possible  accul- 
turation of  sweet  preference  is  fas- 
cinating, and  it  might  be  wise  to  look 
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for  acculturation  of  other  kinds  of 
tastes.  Now,  much  previous  data  lead 
you  to  believe  that  infants  reject,  or  at 
least  act  as  if  they  reject  sour.  As  you 
know,  in  our  culture  sour  is  not  neces- 
sarily a pleasing  taste  in  an  aqueous 
solution  alone.  However,  just  re- 
cently, Sharma  and  Harry  Jacobs  and 
myself  found  a group  of  Indian 
laborers,  the  Karnatka  who  have  been 
chewing  tamarind  fruit,  an 
exceptionally  sour  tasting  material,  all 
of  their  lives.  It  was  expected  that 
these  people  who  have  experience 
with  sour  for  their  entire  lives  by 
chewing  this  fruit  as  a confection, 
would  have  different  affective,  or  dif- 
ferent taste  responses  to  it.  We  tested 
them  on  various  concentrations  of 
sweet,  salt,  sour  and  bitter,  both  for 
taste  intensity  and  for  taste  pleasant- 
ness; and  lo  and  behold,  they  have  a 
normal  sensory  system,  their  tongues 
are  the  same  as  ours.  However,  their 
affective  responses  to  sour  showed 
that  they  prefer  aqueous  solutions  of 
citric  acid  to  an  increasing  degree, 
with  increasing  concentration.  They 
respond  like  Occidental  populations 
to  sweets,  as  we  do  to  salts  and  a little 
bit  “strangely”  to  bitter  (they  like  it  at 
low  levels,  but  dislike  it  at  high  levels) 
but  they  actually  completely  enjoy  the 
sour  taste  of  citric  acid.  It’s  not  a con- 
fection, it’s  simply  sour  water.  There 
is  some  kind  of  acclimitization  func- 
tioning here.  They  really  like  it. 

Jerome:  I agree.  I enjoy  tamarind 
very  much  although  my  American 
friends  reject  the  fruit  and  hnd  that 
level  of  tartness  objectionable.  I be- 
lieve that  my  experience  with 
tamarind  from  early  childhood  has 
made  a real  difference  in  my  accept- 
ing and  enjoying  that  very  sour  fruit. 

I would  like  to  make  one  further 


comment  on  acceptance  and  rejection 
of  foods  and  substances  by  different 
groups.  There  are  many  cultures 
where  weaning  is  initiated  by  rubbing 
the  lactating  woman’s  nipples  with 
aloe  (a  bitter  substance)  or  some  other 
bitter  substance.  I believe  that  this 
practice  is  very  instructive.  Women 
know  by  experience  that  the  young 
child  will  reject  the  breast  after  having 
experienced  that  unpleasant  taste. 
Once  this  occurs,  the  weaning  process 
begins. 

We  have  just  discussed  various 
practices  of  using  sugar  and  other 
“sweets”  to  entice  the  infant  to  eat.  In 
a great  many  cultures,  then,  sweets 
are  used  to  entice  and  bitter  to  repel. 

Collier:  I’ll  go  back  to  an  earlier 
question.  One  of  the  problems  of  hav- 
ing an  infant  on  a low  protein  diet 
involves  the  food  intake.  Very  often 
the  mothers  in  these  cultures  keep 
adding  sugar  or  anything  sweet  to  the 
foods  in  order  to  increase  the  child’s 
food  intake.  This  practice,  of  course, 
exaggerates  the  condition. 

Jerome:  Yes.  That  indeed  is  a prob- 
lem. By  enticing  the  child  to  eat  with 
added  sugar,  one  lowers  the  protein 
quality  of  the  diet. 

Jacobs: Whether  one  is  an  industri- 
alist analyzing  the  growth  of  interna- 
tional sugar  markets,  or  a nutritionist 
or  dentist  decrying  it,  the  introduc- 
tion of  rehned  sugar  in  the  18th  cen- 
tury is  considered  a critical  event  in 
the  establishment  of  a general 
“sweet-tooth.”  Although  this  makes 
sense  in  economic  terms,  you  have 
suggested  that  cultures  exist  that  are 
far  removed  from  rehned  sugar  mar- 
kets by  time  and/or  geography,  and 
yet  still  demonstrate  a “sweet-tooth.” 
Is  this  true? 

Jerome:  Quite  true.  Sweets  are  im- 
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portant  in  the  diets  of  most  peoples 
despite  their  proximity  to  or  remote- 
ness from  rehned  sugar  markets. 
However,  one  ought  to  make  a dear 
distinction  between  rehned  and  un- 
rehned  sugars.  Unrehned  sugar  con- 
tains some  micronutrients  and  serves 
as  a vehicle  for  providing  some 
needed  nutrients.  This  does  not  hold 
for  the  empty  calories  of  rehned 
sugar.  Given  a choice,  unrehned 
sugar  should  be  selected  over  rehned 
sugar. 

Grinker:  The  use  of  sweeteners  or 
sugar  and  the  incidence  of  obesity 
seem  to  show  opposite  trends.  In 
both  New  York  Gity  and  London, 
Stunkard  has  demonstrated  strong 
inverse  relationships  between  obesity 
and  socioeconomic  status.  Obesity  was 
six  times  more  prevalent  among 
women  of  lower  than  among  women 
of  upper  socioeconomic  status.  Obe- 
sity was  nine  times  as  prevalent  by  age 
six  in  lower  than  upper  class  girls. 
Similar,  but  less  striking  differences 
appear  in  men  and  boys.  This  is  a 
complicated  phenomenon,  because 
differences  in  ethnic  background  as 
well  as  differences  in  economic  and 
educational  background  are  involved. 

Jerome:  I have  referred  to  studies 
which  show  that  high  sugar  consump- 
tion is  associated  with  low  or  limited 
income  within  and  among  countries 
(Refer  to  page  241).  A case  might  be 
made  for  obesity  in  women  and  girls 
of  low  income  but  whose  consumption 


‘ Golclblatt,  P.B.,  Moore,  M.E.,  and  Stunkard,  A.J.: 
Social  factors  in  obesity. y/lM/1,  192:1039-1044,  1965. 

^ Silverstone,  J.T.,  Gordon,  R.P.,  and  Stunkard,  A.J.: 
Social  factors  in  obesity  in  London.  Practitioner,  202: 
682-688,  1969. 

^ Stunkard,  A.J.,  d’Aquili,  E.,  Fox,  S.,  and  Filion, 
R.D.L.:  Influence  of  social  class  on  obesity  and  thinness 
in  cbildren.  //fM/f,  221:  579-584,  1972. 


of  sucrose  is  high.  This  point  needs 
further  investigation. 

Rodin:  The  point  was  that  while  the 
high  incidence  of  obesity  in  the  lower 
socioeconomic  groups  is  correlated 
with  food  habits,  it  is  primarily  the 
ingestion  of  starches  rather  than 
sugars  that  is  unusually  high. 

Jerome:  Data  reported  by  the  U.S. 
Department  of  Agriculture  con- 
tradicts this  statement.  Poorer  fam- 
ilies (<  $1000  to  $5000  per  year)  con- 
sumed more  household  sugar  than 
did  higher  income  families  who  con- 
sumed much  more  of  their  sugar  in 
the  form  of  commercially  prepared 
foods — presumably  starches. 

Mistretta:  Have  you  studied  baby 
foods  that  are  commercially  available 
among  developed  countries,  and 
compared  contents  at  all? 

Jerome:  No,  I haven’t,  but  I will. 
The  new  world  that  preparing  for  this 
conference  has  opened  up  to  me  will 
lead  me  to  numerous  new  studies  of 
infant  feeding  practices  in  low  and 
high  income  countries. 

Pfaeemann:  Since  we’re  discussing 
various  aspects  of  this  matter,  there  is 
the  interesting  class  of  taste  modifiers 
from  west  Africa,  that  occurs  natu- 
rally in  plants.  One  of  them  is  called 
miracle  fruit,  and  in  fact  is  used  by  the 
population  of  the  area  to  improve  and 
reduce  the  sourness  of  palm  wine  and 
sour  dough  bread.  Thus  whatever 
may  be  the  dietary  characteristics 
there,  the  adults  nonetheless  will  use 
this  material  which  has  only  the  effect 
of  enhancing  sweet  flavor. 

Jerome:  The  west  African  “miracle 
fruit”  could  solve  some  of  the  prob- 
lems we  face  by  enhancing  sweet 
flavor  without  providing  food  energy 
or  encouraging  oral  bacteria. 
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DIETARY  SWEET:  EXPOSURE  AND 
PREFERENCE 

AMONG  JAPANESE  CHILDREN  AND  IN 
LABORATORY  RATS 


Shisuko  Muto 


In  times  of  severe  food  shortage 
those  concerned  with  maternal  and 
child  nutrition  can  make  their  profes- 
sional contribution  through  seeking 
substitute  foods  that  satisfy  the  nutri- 
tional requirements  of  mothers  and 
infants.  Fish  meal,^^  dried  pupea/^  or 
soybeans  can  serve  as  a source  of 
protein  and  extract  of  persimmon 
leaves  as  a source  of  vitamin  C wild 
weeds  can  be  eaten  in  place  of  tradi- 
tional vegetables.  It  is  my  observation 
that  under  such  conditions  children 
may  grow  remarkably  well  and  even 
be  essentially  free  of  feeding  prob- 
lems in  the  common  meaning  of  the 
term.  In  more  normal  times,  when  es- 
sential nutrients  can  be  selected  from 
a variety  of  conventional  sources,  de- 
velopmental nutritionists  concern 
themselves  with  the  food  choice  be- 
havior that  this  opportunity  to  select 
implies.  Problems  arising  in  connec- 
tion with  food  choices  include  re- 
duced appetite, obesity, 
and  distortions  of  food  likes  and 
dislikes. 

The  factors  controlling  food  intake 


are  the  subject  of  a diverse  litera- 
ture. Still,  it  is  far 

from  clear  to  what  extent  and  with 
what  priority  the  various  factors  de- 
termine what  a child  will  eat.  Sophisti- 
cated opinions  concerning  the  feed- 
ing of  children  have  been  presented 
by  authorities  on  pediatrics  and 
nutrition. Yet,  the  opinions  may  not 
agree  or  may  even  be  contradictory. 
Sometimes  it  is  difficult  to  find  studies 
that  support  the  advice  given  to 
mothers.®  Even  when  I find  what  ap- 
pears to  be  support  for  an  opin- 
I am  concerned  that  the 
conditions  of  the  investigation  may  be 
quite  different  from  the  cir- 
cumstances of  child  rearing  as  I see 
them  in  present-day  Japan. 

I have  approached  the  subject  of 
food  choice  behavior  and  its  de- 
velopment through  observations  of 
children  by  either  direct  or  indirect 
methods  and  through  experimental 
studies  of  immature  animals  whose 
history  of  experience  with  various 
foods  can  be  controlled. 


STUDIES  OF  CHILDREN 


Diet  surveys  caries,  were  performed  on  each  of 

398  day  nursery  children  from  three 
In  1954—1955,  physical  examina-  different  regions  of  Japan,  Iwate, 
tions,  including  a tabulation  of  dental  Tottori  and  Wakayama  prefectures. 
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Some  of  the  children  from  each  re- 
gion, lived  on  farms  and  others  in 
fishing  villages.^^’^^ 

The  data  on  dental  caries  are  sepa- 
rately tabulated  for  each  fishing  vil- 
lage and  farming  community  in  the 
sample  (See  Table  18-1).  There  are 
no  consistent  differences  due  to  re- 
gion or  to  the  type  of  village.  How- 
ever, children  from  the  fishing  village 
of  Wakayama,  Fi  Wa,  are  remarkable 
for  their  high  rate  of  caries.  In  this 
village  only  9%  of  the  children  do  not 
have  caries.  In  the  other  villages  more 
than  twice  this  percentage,  18-31%, 
are  caries  free.  The  poor  dental 
health  of  the  children  of  Fi  Wa  is 
further  reflected  by  the  high  percent- 
age of  children  with  more  than  6 cari- 
ous teeth.^^ 

In  contrast,  one  of  the  other  fishing 
villages,  Fi  To,  shows  the  lowest  per- 
centage of  individuals  with  more  than 
6 carious  teeth.  Since  the  frequency  of 
caries  differs  so  markedly  for  children 
from  the  various  fishing  villages,  the 
simple  notion  that  the  way  of  life 
in  the  fishing  village  is  the  cause 
of  the  poor  dental  health  cannot  be 
accepted. 


Differences  in  dental  health  be- 
tween specific  groups,  such  as  those 
observed  here,  could  arise  from  dif- 
ferences between  the  groups  with  re- 
spect to  diet.  To  explore  this  possibil- 
ity, trained  nutritionists  carefully 
weighed  all  food  consumed  during 
two  days  by  ten  randomly  chosen  6 
year  old  children  in  each  village. 
There  are  differences  in  the  overall 
quality  of  the  diet  (See  Table  18-11). 
In  Fi  Wa,  the  intake  of  such  nutrients 
as  calcium.  Vitamin  A,  riboflavin  and 
ascorbic  acid  is  exceptionally  low.  The 
children  in  Fi  Wa  consume  the  small- 
est amount  of  vegetables  and  fruits. 
In  addition  to  the  differences  in  over- 
all quality  of  the  diet  there  are  differ- 
ences with  respect  to  sweets  (See 
Table  18-1 1 1).  Sweets  including 
manju  (a  bread  texture  confectionary 
with  sweet  bean  paste  inside)  are 
eaten  with  greater  frequency  in  Fi  Wa 
than  in  any  other  village.  The  con- 
sumption of  sweets  in  Fi  Wa  contrasts 
sharply  with  that  in  the  communities 
with  a low  incidence  of  caries,  the 
farm  communities  in  Iwate  and  Tot- 
tori  and  the  fishing  village  in  Tottori. 


TABLE  18-1 

PERCENTAGE  OCCURRENCE  OF  DENTAL  CARIES  AMONG  3 TO  6 YEAR  OLDS 
FROM  FARMING  AND  FISHING  VILLAGES  IN  THREE  DISTRICTS 


Number  of  Caries 


Group 

n 

0 

1-5 

over  6 

Iwate 

Farming 

43 

31 

52 

17 

Fishing 

48 

25 

60 

15 

Tottori 

Farming 

62 

29 

60 

11 

Fishing 

78 

27 

68 

5 

Wakayama 

Farming 

62 

18 

49 

33 

Fishing 

105 

9 

37 

54 

Total 

Farming 

167 

26 

54 

20 

Fishing 

231 

20 

55 

25 

Preference  and  Exposure  to  Dietary  Sweet 

TABLE  18-11 
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AVERAGE  DAILY  NUTRIENT  INTAKE  OE  10  SIX  YEAR  OLDS  EROM  EACH 
VILLAGE  DURING  2 DAYS  OE  OBSERVATION 


DISTRICT 


Iwate 

Tottori 

Wakayama 

PRIMARY  OCCUPATION 

Farming 

Fishing 

Farming 

Fishing 

Farming 

Fishing 

Calories  Cal/KG 

99 

86 

87 

82 

105 

108 

Protein  gm/KG 

3.5 

3.9 

2.7 

3.1 

3.5 

3.7 

Carbohydrate  gm/KG 

19.5 

20.2 

17.4 

19.5 

19.6 

21.3 

Calcium  mg 

703 

449 

335 

339 

556 

235 

Vitamin  A I.U. 

2250 

2483 

1017 

1233 

2133 

720 

Thiamine  mg 

0.56 

0.56 

0.61 

0.41 

0.54 

0.53 

Riboflavin  mg 

0.75 

0.48 

0.38 

0.40 

0.58 

0.29 

Ascorbic  acid  mg 

42 

49 

39 

30 

30 

18 

TABLE  18-III 

THE  SNACKS  EATEN  BY  10  SIX  YEAR  OLDS  EROM  EACH  VILLAGE 
DURING  2 DAYS  OE  OBSERVATION 


District  and  Type 
of  Village 

Sweets* 

Fruits 

Potatoes 

Chestnut 

Milk 

Other 

Total 

Iwate 

Farming 

10 

14 

11 

1 

17 

53 

Fishing 

17 

15 

11 

4 

13 

60 

Tottori 

Farming 

12 

6 

11 

0 

12 

41 

Fishing 

15 

19 

10 

2 

13 

59 

Wakayama 

Farming 

21 

14 

1 

1 

23 

60 

Fishing 

33 

6 

2 

0 

16 

57 

Average 

Farming 

14.3 

11.3 

7.7 

.7 

17.3 

51.3 

Fishing 

21.7 

13.3 

7.7 

2.0 

14.0 

58.7 

*induding  Manju,  a bun-like  confection 


The  ten  children  studied  in  Fi  Wa  ate 
sweets  between  meals  on  33  separate 
occasions.  This  rate  is  more  than  twice 
that  recorded  in  the  three  districts 
I with  low  caries  incidence.  The  eating 
i of  fruits  shows  a complementary  pat- 
I tern  with  frequencies  of  6 in  Fi  Wa 

I and  19  in  Fi  To  (See  Table  18-III). 

*1 

l! 


It  is  not  at  all  clear  which  aspect  of 
the  striking  differences  in  eating  pat- 
tern between  low  and  high  caries 
groups  accounts  for  the  caries  differ- 
ence. The  nutrient  intake  in  Fi  Wa  is 
very  poor  and  the  consumption  of 
sweets  high.  I chose  to  pursue  the 
matter  of  sweets  and  confectionary. 
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Snack  buying 

To  check  on  the  information  de- 
rived from  the  intensive  study  of  a 
few  children  for  a very  limited  period 
of  time,  a study  employing  an  entirely 
different  method  was  undertaken.  In 
this  1957  study  I made  a survey  of  the 
child’s  favorite  place,  the  cheap  sweet 
shops,  and  observed  the  buying  be- 
havior of  its  customers.^"* 

Ten  cheap  sweet  shops  (dagashiya) 
in  uptown  and  ten  in  downtown 
Tokyo  were  selected  for  study.  The 
visits  of  children  to  these  shops  be- 
tween the  hours  of  10  A.M.  and  4 
P.M.  were  tabulated.  Observations  at 
each  shop  were  made  on  a Saturday,  a 
Sunday  and  two  week  days.  In  all  431 
children  visited  uptown  shops  and 
669  downtown  shops.  Children  be- 
tween the  ages  of  five  and  eight  were 
the  most  frequent  visitors.  However, 
children  as  old  as  twelve  or  as  young 
as  one  year  were  observed  (See  Figure 
18-1).  Fourteen  per  cent  of  the  up- 
town customers  and  eighteen  per  cent 


Age  In  Year  Grade  In  School 


Figure  18-1.  The  ages  of  visitors  to  ten 
uptown  and  ten  downtown  sweet  shops. 
Observations  at  each  shop  were  made  be- 
tween 10  A.M.  and  4 P.M.  on  two  week 
days,  one  Saturday  and  a Sunday.  Re- 
drawn from  Ref.  24. 


downtown  customers  came  to  the 
shop  twice  or  more  times  a day,  six 
times  being  the  maximum. 

In  the  uptown  shops  56.2%  of  the 
children  bought  simple  sweets  and  an 
additional  29.8%  bought  sweets  which 
had  some  special  attraction  like  being 
formed  into  an  imitation  cigar  or  in- 
cluding a lottery  ticket.  Only  14% 
bought  only  non-food  items.  A similar 
pattern  was  found  for  the  downtown 
shops  as  can  be  seen  in  Table  18-IV. 
In  both  cases  more  than  85%  of  the 
child  customers  went  to  the  shops  for 
cheap  sweets,  though  some  of  them 
seemed  to  be  attracted,  to  some  ex- 
tent, by  small  premiums  attached  to 
sweets. 

Children  in  institutions 

A different  kind  of  information  on 
the  topic  of  snacks  and  selection  of 
foods  is  available  from  question- 
naires.^^ We  asked  176  children  who 
were  under  institutional  care  in 
Tokyo  to  give  their  feelings  on  snacks. 
This  survey  was  made  in  1960  when 
an  extra  five  yen  per  day  per  child  was 
allowed  for  snacks.  Some  foods  which 
were  purchasable  with  five  yen  in 
those  days  were  60  ml  milk,  30  to  110 
gm  fruits,  20  to  50  gm  confectionary, 
etc. 

Overall,  the  greatest  percentage  of 
children  indicated  that  sweets  are 
their  most  favored  snack.  The 
percentge  of  children  reporting  that 
sweets  are  their  most  preferred  snack 
drops  from  a high  of  53%  among  pre- 
school children  to  30%  among  senior 
high  school  students.  At  the  same 
time  the  preference  for  fruits  in- 
creases from  19  percent  in  preschool 
children  to  32  percent  in  high  school 
pupils. 
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Of  the  sweets,  chocolate  is  the  most 
frequent  favorite  for  all  school  chil- 
dren regardless  of  age  or  sex.  (See 
Table  18-V)  However,  among  pre- 
school children,  in  this  sample,  the 
top  rated  sweets  are  biscuits  followed 
by  gum  for  boys  and  crackers  fol- 
lowed by  gum  for  girls.  (See  Table 
18-VI)  Perhaps  chocolate  fails  to  ap- 
pear as  the  favorite  of  these  preschool 


children  because  their  opportunity  to 
become  familiar  with  chocolate  was 
restricted  compared  that  of  school  age 
children  or  pre-schoolers  living  at 
home.  This  speculation  is  supported 
by  a previous  survey  in  which 
chocolate  was  found  to  be  the  most 
preferred  snack  of  2-5  year  old  chil- 
dren living  with  their  families.  (See 
Table  18-VII) 


TABLE  18-IV 

PURCHASES  IN  UP  AND  DOWNTOWN  SWEET  SHOPS 


Item 

Uptown  % 

Downtown  % 

Sweets  alone 

56.2 

66.8 

Sweets  with  premium 

27.7 

14.5 

Novelty  Sweets 

2.1 

6.3 

Toy  only 

14.0 

12.2 

TABLE  18-V 

SNACK  EAVORED  BY  CHILDREN  OF  DIFFERENT  AGES  LIVING 

IN  INSTITUTIONS 


Percentage  Favoring 

Bun-like 

Homemade 

Group 

n 

Sweets 

sweets 

Fruits 

snacks 

Preschool 

696 

53 

10 

19 

18 

Elementary 

735 

45 

10 

21 

24 

Junior  high 

701 

31 

12 

27 

30 

Senior  high 

296 

30 

11 

32 

27 

TABLE  18-VI 

TWO  MOST  FAVORED  SWEETS  FOR  INSTITUTIONALIZED  BOYS  AND 

GIRLS  OF  DIFFERENT  AGES 


Preschool 

Elementary 

Junior  high 

Senior  high 

Boys 

1st  choice 

Biscuit 

Chocolate 

Chocolate 

Chocolate 

2nd  choice 

Gum 

Cream  sandwich 

Cream  sandwich 

Biscuit 

Girls 

1st  choice 

Crackers 

Chocolate 

Chocolate 

Chocolate 

2nd  choice 

Gum 

Gum 

Gum 
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TABLE  18-VII 


SNACKS  MOST  WANTED  BY  1 TO  4 YEAR  OLDS  LIVING  IN 
APARTMENTS  AND  SINGLE  EAMILY  HOMES 


Apartments 

Houses 

Chocolate 

45.0 

43.3 

Gum 

38.5 

38.4 

Candies 

19.2 

30.1 

Crackers 

9.0 

18.4 

Fruit 

10.3 

10.0 

Note:  entries  are  percentages  of  108  for  apartment  dwellers  and  68  for  children  in  single  family  houses. 


Mothers’  concerns 


Reports  by  mothers  of  feeding 
problems  comprise  yet  another  kind 
of  information,  concerning  children’s 
selective  eating  of  foods. 

In  one  Tokyo  survey,^®  778  middle 
class  mothers  with  children  between 
two  and  five  years  of  age  were  asked 
how  they  had  treated  26  “problem 
foods”  e.g.  sweets,  gum,  hot  spices  like 
pepper  or  curry,  stimulating  drinks 
like  coffee,  tea,  or  alcoholic  beverages, 
etc.  They  also  noted  their  children’s 
health  and  appetite  and  reported  any 
cavities. 

More  than  half  of  the  children  have 
an  extreme  liking  for  sweets  and 
about  one-third  of  the  total  group  are 
given  sweets  frequently.  Nearly  two- 
thirds  of  the  children  consume  sweets 
in  larger  amounts  than  other  mem- 
bers of  their  family.  These  and  other 


data  from  this  study  are  shown  in 
Table  18-VIII. 

Even  though  the  data  come  from 
mother’s  reports  they  reflect  the  rela- 
tion of  the  frequency  of  eating 
caramels,  hard  candy  and  gum  to 
caries.  (See  Figure  18-2) 

Depending  on  the  kinds  of  sweets, 
one-fifth  to  one-third  of  the  mothers 
report  that  they  started  to  give  sweets 
to  their  children  before  they  were  one 
year  old  and  another  one  fifth  to  one 
fourth  of  the  mothers  did  not  re- 
member when  they  started.  (Table 
18-VIII) 

An  indication  of  cultural  similarities 
and  differences  with  respect  to  early 
taste  experience  can  be  gained  from  a 
survey  in  which  the  mothers  of 
American  and  Japanese  preschoolers 
living  in  Tokyo  report  the  ages  at 
which  they  introduced  various 
foods. Some  of  the  data  are  given  in 
Table  18-IX  and  X. 


ANIMAL  STUDIES 


Dietary  surveys  and  direct  observa- 
tions of  children’s  food  choice  be- 
havior raise  questions  which  we  now 
approach  through  studies  of  animal 
behavior.  In  these  studies  the  dietary 


intake  of  developing  rats  is  manipu- 
lated by  altering  their  access  to  vari- 
ous foods  and  observing  the  effects  on 
eating  patterns  and  physical  growth. 
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Another  15  items  of  food  are  omitted  from  this  tabulation. 
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TABLE  18-X 

CUMULATIVE  PERCENTAGE  OF  JAPANESE  AND  AMERICAN  CHILDREN  HAVING  RECEIVED 

VARIOUS  SOLID  FOODS  BY  DIFFERENT  AGES 
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80 
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1 Bun-Like  Sweets  I 

(Manju) 
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Never  Seldom  Some-  Frequently  Never  Seldom  Some-  Frequently 
times  times 


Never  Seldom  Some-  Frequently 
times 


Frequency 

Figure  18-2.  Percentage  of  middle  class  mothers  of  2 to  5 year  olds  in  Tokyo 
reporting  that  their  children  were  in  good  health,  had  no  caries  and  displayed 
good  appetite,  as  a function  of  the  frequency  with  which  they  ate  various  snack 
foods.  Redrawn  from  Ref.  20. 


Early  versus  late  introduction  of 
sugar 

In  a study,  previously  reported  in 
English, we  observed  that  young 
rats  provided  with  access  to  a well  bal- 
anced diet  nonetheless  consumed  a lot 
of  sugar,  reducing  their  intake  of  diet 
but  maintaining  normal  health  and 
growth.  When  a low  protein  diet  was 
offered  along  with  the  sugar  solution, 
the  intake  of  diet  was  again  reduced 
but  the  animal’s  health  and  growth 
suffered.  Two  questions  arise:  First, 
can  an  adequate  protein  intake  be 
maintained  if  young  animals  are  of- 
fered both  a high  and  low  protein  diet 
along  with  the  sugar  solution?  Sec- 
ond, does  the  age  at  which  an  animal 


is  first  introduced  to  sugar  affect  his 
preferential  eating  of  it? 

Newly  weaned  rats  (three  weeks 
old)  are  divided  into  three  groups  all 
of  which  are  offered  both  high  and 
low  protein  diets  for  six  weeks.  The 
high  protein  diet  contains  18  per  cent 
casein,  the  low  protein  diet,  nine  per 
cent.  (See  Table  18-XI) 

One  group  is  provided  with  a sugar 
solution  (40%  sucrose  solution)  from 
the  first  to  the  third  week.  A second 
group  had  access  to  the  sugar  solution 
from  the  fourth  to  the  sixth  week. 
The  third,  or  control  group,  does  not 
have  sugar  solution  at  any  time  dur- 
ing the  experimental  period. 

The  young  rats  can  discriminate  be- 
tween the  high  and  low  protein  diets, 
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PERCENTAGE  COMPOSITION  OF  HIGH  AND  LOW  PROTEIN  DIET 
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High 

Low 

Corn  starch 

72 

81 

Casein 

18 

9 

Soybean  oil 

5 

5 

Salt  mixture 

4 

4 

Vitamin  mixture 

1 

1 

Choline  chloride 

0.15 

0.15 

since  they  always  eat  more  of  the  high 
protein  diet  than  the  low  protein  one. 
However,  the  ratio  between  the 
amount  of  high  and  low  protein  diet 
consumed  during  the  period  of  sugar 
supply  is  not  noticably  different  from 
that  observed  when  sugar  is  not  avail- 
able (See  Figure  18-3).  Thus,  al- 
though young  rats  can  discriminate 
the  diets  they  do  not  compensate  for 
the  drop  in  protein  intake  during 
periods  of  sugar  consumption  by 
preferentially  eating  the  higher  pro- 
tein diet. 


Table  18-XI  I allows  for  the  com- 
parisons among  the  conditions  of  this 
study  as  well  as  the  comparisons  of 
more  immediate  interest  that  can  be 
made  with  the  previous  study. Note 
that  during  weeks  1 through  3 the 
ratio  of  sugar  and  diet  for  those  ani- 
mals in  the  previous  study  that  had 
high  protein  diet  with  sugar  since 
weaning  is  very  close  to  that  of  the 
early  exposure  animals  of  the  present 
experiment.  Comparison  of  these 
animals  for  weeks  4 through  6 with 
the  late  exposure  group  indicates  no 


Earlier  Sugar 


^ V ^ / 

Sugar-Period  No-Sugar- 
Period 


Later  Sugar 


No  Sugar 


No-Sugar-  Sugar-Period 
Period 


. High 
/ Protein 
Diet 


Low 

Protein 

Diet 


1 2 3 4 5 

No-Sugar-Period 


Figure  18-3.  Intake  of  high  and  low  protein  diet  during  six  post- weaning  weeks 
in  which  differential  exposure  to  sugar  was  provided  to  three  groups  of  rats. 
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TABLE  18-XII 


SUGAR  CONSUMPTION  OF  RATS  UNDER  VARIOUS  CONDITIONS 
OF  POST- WEANING  ACCESS 


Post-weaning  age 

Access  to  sugar  solutions  1-3  weeks  4-6  weeks 

Grams  consumed 


Sugar  Diet  Sugar  Diet 


First  3 weeks 

50.6 

176.0 

290.0 

Second  3 weeks 

229.0 

97.0 

215.0 

Never 

231.0 

290.0 

Percentage  total  intake 

First  3 weeks 

22 

78 

100 

Second  3 weeks 

100 

30 

70 

Continuous 

23 

77 

30 

70 

(a) 

data  from  previous  study  in  which  animals  were 

maintained 

on  high  protein  diet 

differences  due  to  earlier  versus  later 
introduction  of  the  sugar  solution. 
Specifically,  sugar  provides  30  per 
cent  of  total  intake  between  the  4th 
and  6th  weeks  regardless  of  whether 
sugar  had  been  available  during  the 
first  three  postweaning  weeks. 

From  this  result  it  is  inferred  that 
the  time  of  introduction  of  sugar  to 
the  young  does  not  necessarily  have 
much  influence  upon  the  later  craving 
of  sugar,  when  freely  fed.  However, 
the  total  amount  of  sugar  consumed, 
of  course,  is  less  in  the  later  beginner 
than  in  the  early  beginner. 

Chocolate 

I have  used  pure  sucrose  solution 
as  a source  of  sweet  in  the  previous 
experiments.  The  sweet  in  this  study 
is  chocolate,  the  same  sweet  item  that 
is  a problem  to  human  beings  as 
shown  in  Tables  18-VI,  -VII,  and 
-VIII.  Chocolate  is  always  the  child’s 
favorite  in  spite  of  the 

mother’s  concern  because  of  its  caf- 
feine, theobromine,  and  high  sugar 
content. 


In  the  present  study  we  compare 
two  types  of  commercially  available 
chocolate  with  respect  to  their  effect 
on  the  health  and  development  of 
young  rats. 

For  nine  weeks,  newly  weaned  rats 
are  offered  a basal  diet  and  water  j 
along  with  one  of  two  types  of  choco-  ; 
lates  sold  at  the  market.  “Deluxe” 
chocolate  is  sweeter  than  “black”  ; 
which  in  comparison  is  somewhat  bit-  | 
ter.  The  basal  diet  has  the  same  make 
up  as  the  high  protein  diet  employed  \ 
earlier  (See  Table  18-XI).  Deluxe  and  > 
black  chocolate  both  contain  nearly  | 
fifty  per  cent  sugar  (carbohydrate). 
The  results  were  compared  with  those  | 
of  previous  experiments  on  sugar  9 
preferential  behavior,^^  as  the  ex- 
perimental conditions  are  similar,  ex- 
cept that  chocolate  is  used  instead  of  a 
sugar  solution. 

Chocolate  consumption  gradually 
increased  from  about  one  gram  at  the 
first  post-weaning  week  to  four  to  five 
grams  by  the  ninth  week.  This  is  true 
of  deluxe  as  well  as  black  chocolate. 
These  levels  are  about  the  same  as  in 
the  previous  experiment  with  sugar 
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I solution.®^  Consumption  of  the  basal 
diet  by  rats  offered  either  form  of 
chocolate  resembles  that  of  rats  of- 
fered sugar.  Consumption  of  the 
basal  diet  increases  week  by  week  for 
the  first  several  weeks  and  then  de- 
clines, although  it  reaches  the  peak  a 
I little  earlier  and  draws  a rather  long 
rough  plateau  when  chocolate  rather 
than  sugar  is  available.  (See  Figure 
18-4)  Energy  coming  from  deluxe, 
black  or  sugar  (previous  experiment 
j on  sugar  solution)  is  roughly  1900, 

I 1600  and  1400  Cal.  through  the 
whole  experimental  period.  The 
sweet  supplement  provides  41,36,  and 
34  per  cent  of  the  total  caloric  intake 
since  total  intakes  are  4600,  4500  and 
4100  Cal.,  respectively.  It  seems  that 
, availability  of  chocolate  reduces  the 
intake  of  diet  to  approximately  the 
' same  level  as  the  availability  of  sugar. 


Weeks 


Figure  18-4.  The  intake  of  diet  and  of  choco- 
I late  or  sugar  for  nine  post-weaning  weeks 
I during  which  different  groups  had  access  to 
I either  of  two  grades  of  chocolate  or  to  a water 
I solution  of  sugar. 

I 


However,  the  caloric  intake  from 
chocolate,  for  the  animal  with  access 
to  chocolate,  is  greater  than  the 
caloric  intake  from  sugar,  for  the 
animal  with  access  to  sugar. 

It  is  interesting  to  note  that  the  total 
caloric  intake  of  the  “deluxe”  group 
and  the  “black”  group  is  about  the 
same,  in  spite  of  a larger  intake  of 
deluxe  chocolate  which  is  sweeter 
than  black.  The  black  group  receives 
fewer  calories  from  chocolate  but  eats 
more  of  the  basal  diet.  After  the 
seventh  week  of  the  experiment,  in 
contrast  to  the  preceding  weeks,  the 
intake  of  diet  by  the  black  group  is  a 
little  larger  than  that  of  the  deluxe 
group.  There  is  no  clue,  at  present,  as 
to  why  this  occurs. 

The  final  body  weight  is  a little 
larger  in  the  deluxe  group  which  may 
be  a result  of  a larger  deposition  of 
body  fat.  The  liver  weights  in  each 
chocolate  group  are  a little  smaller 
and  the  liver  fat  content  a little  higher 
than  those  of  the  sugar  group,  though 
all  are  within  the  normal  range.  See 
Table  18-XIII. 

The  weight  of  the  spleen  and  its 
proportion  to  the  body  weight  in  the 
chocolate  groups  are  very  small  com- 
pared with  the  values  obtained  with 
the  sugar  group.  This  finding,  for 
which  we  have  no  clear  explanation, 
has  since  been  replicated  in  another 
study  of  chocolate  (Muto,  S.  and 
Miyahara,  C.,  unpublished)  and  re- 
quires further  invekigation. 

No  differences  could  be  detected  in 
behavior,  hair,  or  general  health  con- 
dition between  groups  receiving 
chocolate<and  sugar. 

Two  phenomena  of  these  animal 
experiments  are  of  particular  interest 
in  relation  to  sweet  preference.  First, 
in  spite  of  the  decline  of  diet  intake 
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BODY  AND  ORGAN  WEIGHTS  OF  RATS 
EATING  DIFFERENT  SWEETS 


Sweet 

Whole 

Body 

Liver 

Spleen 

Kidney 

Fat 

Deposit 

Weight  (gm) 

Deluxe  chocolate 

366 

12.2 

(4.8)  (b)  0.63 

2.34 

18.9 

Black  chocolate 

326 

11.3 

(4.4)  0.58 

2.21 

14.6 

Sugar 

322 

15.4 

(3.9)  1.03 

2.30 

14.9 

Percentage  of  body  weight 

Deluxe  chocolate 

3.36 

0.17 

0.64 

5.16 

Black  chocolate 

3.44 

0.18 

0.67 

4.48 

Sugar 

4.76 

0.33 

0.70 

4.63 

deposits  around  kidneys  and  testes  and  beneath  skin  of  abdomen 
figure  in  parenthesis  is  the  weight  of  liver  fat  as  a percentage  of  total  liver 


after  several  weeks,  the  consumption 
of  sugar  or  chocolate  continues  to  in- 
crease and,  at  the  end  of  the  experi- 
mental period,  accounts  for  nearly  50 
per  cent  of  total  caloric  intake.  Thus, 
even  after  the  normal  appetite  for  the 
basal  diet  declines,  presumably  as  a 
function  of  the  slowdown  of  growth 
velocity,  the  appetite  for  items  that 
taste  sweet  does  not  subside.  Second, 


the  rats  never  neglected  the  basal  diet 
even  in  the  midst  of  a liberal  supply  of 
chocolate  or  sugar  solution.  It  may  be 
that  some  instinctual  mechanism  has 
evolved  that  causes  the  rat  to  like  and 
to  continue  eating  the  basal  diet.  On 
the  other  hand,  the  taste  variety  that 
comes  from  eating  both  the  diet  and 
sweet  items  may  be  the  controlling 
factor. 


CONCLUSIONS 


Finally,  I would  like  to  add  a few 
more  general  words  concerning  pref- 
erential behavior  for  food  of  young 
individuals.  I feel  that  apart  from  the 
effects  of  transient  or  momentary 
changes  in  physical,  emotional,  or  en- 
vironmental conditions,  there  are 
three  fundamental  factors  controlling 
food  intake.  They  change  with  growth 
process  according  to  individual  pat- 
terns, but  still  are  common  to  all 
individuals. 

One  factor  controlling  food  intake 
may  be  the  body’s  changing  need  for 
nutrients.  Needs  change  with  the 
maturation  of  various  tissues  and  or- 


gans as  shown  beautifully  in  the  per- 
formance of  Richter’s  rats.  I have  ten- 
tatively called  this  factor  the  age 
specificity  in  nutrition,  in  discussing 
our  previous  experiment  of  calcium 
deficiency  in  growing  rats,^® 

Another  diet  control  factor  is  the 
progressive  change  in  taste  sensibility 
as  a function  of  the  cultural  pattern 
under  which  our  daily  life  is  struc- 
tured. If  I could  understand  these 
factors  more  clearly,  it  would  be  pos- 
sible to  interpret  the  finicky  eating 
behavior  of  the  child  more  satisfactor- 
ily and  provide  more  appropriate 
guidance  in  how  to  raise  children. 
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A third  factor  which  I have  called 
“taste  individuality”  may  be  critical. 
We  have  repeatedly  observed  a few 
animals  that  are  exceptional  in  their 
sweet  preference  behavior.  They  do 
not  consume  as  much  sugar  as  the  rest 
of  the  animals  in  their  group  even 
when  sugar  is  available  in  generous 
supply.  They  are  at  an  advantage 
since  they  do  not  develop  fatty  livers, 
as  the  others  do.^^  Yet  the  cause  of 


their  response  to  sugar  is  a mystery. 
More  over,  nothing  is  known  about 
the  later  development  of  preferential 
behavior  for  sweet  or  other  tastes  in 
these  individuals.  However,  we  need 
to  pay  attention  to  such  unusual  indi- 
viduals to  advance  our  understanding 
of  development. 

These  studies  are  a mere  start  of 
the  goal  I have  been  hoping  to  reach. 
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PART  V 

RELATING  TASTE  TO  INGESTION 


j!  Chapter  19 


I 

! THE  ROLE  OF  SWEETNESS  IN  THE  FOOD 
PREFERENCE  OF  YOUNG  ADULTS 

i 


Herbert  L.  Meiselman 


As  a ten  year  veteran  of  taste  re- 
search, it  has  always  surprised  me  how 
so  much  talk  can  be  heard  about  taste, 
in  this  context  sweet  taste,  with  little 


|l  or  no  mention  of  food  as  we  adult 
humans  know  it.  Laboratory  studies 


! consistently  used  supposedly  simple, 
I supposedly  well  understood  stimuli 
)|  like  sucrose  and  saccharin,  and  with 
I few  exceptions  have  avoided  the 
world  of  food  which  is  the  natural 
vehicle  for  sweetness  and  other  tastes. 
When  I was  first  approached  as  a po- 
I tential  contributor  to  this  conference, 
i it  was  within  the  area  of  taste 

i psychophysics.  Instead,  with  the 
interest  and  support  of  the  confer- 

j ence  planners,  I have  decided  to 
attempt  to  place  the  concept  of  sweet- 
ness within  the  world  of  food 
behavior. 

I The  area  which  I have  chosen  to 

II  address  is  that  of  food  preference 

ii  judgements.  I will  be  concerned  with 


what  people  say  they  like  to  eat.  The 
data  will  be  limited  to  the  food  pref- 
erences judgments  of  young  male 
adults.  An  understanding  of  the  food 
preferences  of  the  population  and  of 
specihc  subgroups  can  identify  the 
medium  for  exposure  to  sweet  and 
ingestion  of  sweet  materials.  The 
assumption  that  sweetness  is  encoun- 
tered only  through  “sweets”  is  proba- 
bly unwarranted,  and  more  objective 
information  is  needed  on  what  foods 
make  up  the  preferred  sweet 
repertoire.  I have  chosen  two  exam- 
ples of  food  preference  analysis  to 
explore  the  possible  role  of  sweetness 
in  food  preference  behavior.  They 
are  the  food  preferences  of  blacks  as 
compared  with  whites,  and  the  food 
preferences  of  overweights  as  com- 
pared with  underweights  and  nor- 
mals. These  two  were  chosen  because 
of  their  relevance  to  social  and  medi- 
cal issues. 


THE  FOOD  PREFERENCE  SURVEY 

Our  food  preference  data  come  ment  of  food  preference  and  accept- 
from  surveys  administered  to  military  ance  measurement  techniques,  and  in 
personnel  in  groups.^  The  military  the  acquisition  of  food  attitudinal 
has  long  pioneered  in  the  develop-  data.®  Our  present  survey  format,^ 


i 

:l 

, I 

i 

ii 
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printed  on  mark-sense  sheets  for  au- 
tomated data  reduction,  is  a list  of  378 
food  names,  listed  randomly.  In- 
cluded are  members  of  all  food  classes 
(appetizers,  soups,  entrees,  vegeta- 
bles, starches,  desserts,  etc.).  Three 
questions  are  asked  concerning  each 
food  item  in  the  survey:  have  you 
tried  it,  how  much  do  you  like  or  dis- 
like it  and  how  often  do  you  want  to 
eat  it  in  days  per  month.  If  you  have 
never  tried  the  food,  you  go  on  to  the 
next  item;  if  you  have  tried  the  food, 
you  assign  a hedonic  rating  for  how 
much  you  like  it,  and  a preferred  fre- 
quency rating  for  how  many  days  per 
month  you  want  it  served.  The 
hedonic  rating  scale  is  a nine  point 
category  scale  (I,  2,  3,  . . .,  9)  with  a 
neutral  point  at  5.  This  scale  was  de- 
veloped at  the  Quartermaster  Food  & 
Container  Institute  ^ and  is  used 
throughout  the  food  industry.  The 
frequency  scale  is  our  own  invention; 
one  of  several  we  have  tried.  This  one 
uses  a two  digit  system  to  express  the 
number  of  days  per  month  a food  is 
desired,  from  00,  01,  . . .,  30.  These 
food  preference  scales  reflect  what 
people  say  they  like  to  eat.  We  have 
devoted  considerable  effort  to  trying 
to  correlate  these  attitudinal  measures 
to  behavioral  data  on  what  people  ac- 
tually do  in  a real  eating  situation. 

The  first  two  pages  of  the  survey 
form  request  demographic  informa- 
tion, on  age,  race,  sex,  education  level, 
weight,  height,  city  size  where  raised, 
state  where  raised,  cooking  type 
raised  on,  and  preferred  food  types. 
Clearly,  the  number  of  demographic 
analyses  possible  approaches  infinity 
when  one  considers  that  our  sample 
size  is  about  4000,  making  most  cells 
in  the  data  set  large  enough  for  statis- 
tical analysis. 


Overall  food  preferences 

In  order  to  provide  a perspective 
for  the  data,  some  indication  of  the 
place  of  sweet  foods  within  high  pref- 
erence foods  is  given  in  Table  I9-I. 
For  this  table,  we  obtained  ratings  on 
the  378  foods  on  both  the  hedonic 
and  preferred  frequency  measure- 
ment scales.  The  top  fifty  foods  on 
each  scale  were  then  divided  into  food 
classes.  About  40%  of  the  top  fifty 
foods  are  sweet,  but  only  7/50  for  the 
hedonic  scale  and  3/50  for  the  fre- 
quency scale  are  desserts.  Fresh  fruit 
shows  a high  frequency  of  occurence 
within  the  top  fifty  for  both  scales, 
whereas  sweet  beverages  and  desserts 
appear  more  dependent  on  scale  type. 
This  suggests  that  the  common  ten- 
dency of  looking  for  sweetness  solely 
within  the  dessert  class  might  be  in- 
correct. The  number  of  sweet  foods 
within  the  50  foods  rated  at  the  bot- 
tom of  the  378  foods  is  smaller  than 
within  the  top  50  but  not  unimpor- 
tant, 7/50  for  the  hedonic  scale  data 
and  9/50  for  the  frequency  scale  data. 
Both  sets  include  fruits,  beverages, 
and  desserts  made  with  unpopular 
items  (raisins,  prunes,  etc.). 

Food  preferences  of  Blacks 

Our  analysis  of  food  preferences  of 
blacks  has  proceeded  through  several 

TABLE  19-1 

SWEET  FOODS  IN  THE  TOP  50 
(OUT  OF  378)  FOODS 


HEDONIC 

PREFERRED 

FREQUENCY 

Sweet  Beverages 

?, 

10 

Desserts 

7 

3 

Fresh  Fruits 

10 

9 

Total 

10 

22 
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stages  on  the  way  to  what  we  feel  is  a 
highly  conservative  list  of  black  food 
preferences  which  are  significantly  (in 
the  statistical  sense)  different  from 
white  food  preferences.  The  first 
analysis  of  variance  examined  differ- 
ences between  the  three  main  subject 
groups  listed  on  the  survey, 
Caucasian,  Negro,  and  Oriental;  this 
resulted  in  four  lists  of  food  Judgments 
relevant  to  this  discusssion.  These  are, 
a list  of  foods  with  significantly  higher 
hedonic  ratings  by  blacks  than  whites, 
a list  with  significantly  higher  prefer- 
red frequency  ratings  by  blacks  than 
whites,  a list  with  significantly  higher 
hedonic  ratings  by  whites  than  blacks, 
and  one  with  higher  preferred  fre- 
quency ratings  by  whites  than  blacks. 
The  preferred  frequency  lists  gener- 
ally were  longer,  containing  more  dif- 
ferentiated items  than  the  hedonic 
list.  That  is,  desired  frequency  of  serv- 
ing produced  more  discriminations 
than  hedonic  score.  These  lists  con- 
firm many  of  the  popularized  distinc- 
tions between  American  food  (“white” 
food)  and  Afro  American  food  (black 
or  soul  food),  such  as  higher  prefer- 
ences by  blacks  for  pork  products, 
rice,  and  green  vegetables  and  higher 
preference  by  whites  for  beef  and 
white  potato  products. 

Additional  analyses  were  per- 
formed to  clean  the  data  of  the  single 
I most  potent  source  of  artifact,  the 
i possible  confounding  between  black 
food  preferences  and  food  prefer- 
ences of  southerners,  both  black  and 
white.  From  our  demographic  data,  a 
southerner  can  be  identified  in  at  least 
two  ways.  One  criterion  for  identify- 
ing a person  as  a southerner  was  as  a 
person  raised  in  one  of  eleven  south- 
!|  ern  states;  the  other,  as  a person 
raised  on  southern  style  food.  We  did 


analyses  using  both  criteria  and  found 
that  both  criteria  gave  the  same  re- 
sults. The  analysis  presented  below 
used  the  criterion  of  state  where 
raised.  Four  groups  were  formed, 
black  southerners,  black  northerners, 
white  northerners,  and  white  south- 
erners. Analyses  of  variance  again 
produced  the  four  hedonic  and  fre- 
quency food  preference  lists  men- 
tioned above  for  black  preferences 
and  for  white  preferences.  Our  criter- 
ion of  a black  food  preference  was 
tri-partite.  We  required  that  it  show  a 
statistically  significant  difference  from 
the  white  rating  for  southern  blacks 
and  southern  whites,  for  northern 
blacks  and  northern  whites,  and  for 
overall  black  and  white  (the  analysis 
mentioned  above).  This  highly  con- 
servative listing  eliminates  those  black 
food  preferences  which  are  limited 
to  the  north  or  south,  or  which  are 
borderline  and  hence  do  not  reach 
statistical  significance  3 times.  Tables 
19-11,  III,  IV  and  V list  the  black  food 
preferences,  and  Table  19-VI  lists  the 
white  preferences  according  to  the 
criteria. 

Table  19-11  lists  the  entree  or  main 
dish  items,  giving  the  mean  hedonic 
ratings  for  blacks  and  whites.  On  the 
far  right  are  additional  notes  indicat- 
ing which  subgroups  significantly  dif- 
fer from  the  simple  effect  described 
by  the  other  data.  B and  W represent 
black  and  white  respectively,  and  N 
and  5 represent  north  and  south.  A 
minus  (— ) sign  indicates  a lowered  pref- 
erence and  a plus  (+)  indicates  higher 
preference.  Thus,  barbecued  spare- 
ribs  are  preferred  by  blacks  over 
whites  according  to  the  conservative 
criteria  described  above,  and  also, 
white  northerners  (WN)  have  lower 
ratings  (WN— ) than  white  southerns. 
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TABLE  19-11 

ENTREE  PREEERENCES  OE  BLACKS 


ENTREES 

B 

HEDONIC 

W 

FREQUENCY 
B W 

NOTES 

barbecued  beef  cubes 

6.56 

6.03 

10.03 

6.95 

barbecued  spareribs 

7.65 

6.68 

15.31 

9.41 

WN- 

boiled  pigs’  feet 

6.64 

3.49 

10.09 

3.20 

BS+ 

braised  liver  w/onions 

5.44 

4.47 

7.65 

5.16 

chitterlings 

7.13 

3.59 

12.78 

4.04 

WN- 

fried  fish 

6.84 

6.31 

12.16 

8.78 

WN- 

grilled  bologna 

5.57 

4.90 

8.34 

5.97 

pepper  steak 

6.94 

6.53 

11.84 

9.08 

pickled  pigs’  feet 

6.54 

4.25 

11.88 

4.92 

BS+ 

pork  chop  suey 

6.26 

5.25 

10.56 

6.79 

BS  + 

pork  hocks 

6.57 

4.85 

11.44 

5.72 

WN- 

salmon 

6.18 

5.69 

9.34 

7.12 

sausage  links 

7.07 

6.68 

15.09 

13.47 

stuffed  cabbage 

5.85 

5.31 

8.88 

6.56 

tuna  salad  sandwich 

6.72 

6.36 

11.80 

9.35 

Therefore,  in 

addition  to 

a black- 

Table  19- 

III  shows  starch  and  veg- 

white  difference  there  is  an  interac-  etable  items;  notice  the  lack  of  white 


tion  of  race  x region.  Notice  the  large 
number  of  pork  products,  and  the 
several  fish  products.  The  378  foods 
are  divided  into  33  food  classes;  the 
class  of  fish  and  fish  products  showed 
an  overall  significant  effect  between 
whites  and  blacks.  However,  the 
broader  entree  class  did  not,  because 
many  of  the  items,  largely  the  non- 
pork items,  were  not  differentially 
preferred. 


potato  items  and  the  presence  of  rice 
items  and  green  vegetables  especially 
lima  beans.  The  class  of  green  vegeta- 
bles showed  an  overall  significant 
effect.  Table  19-IV,  desserts,  does  not 
have  many  items,  although  there  are 
84  desserts  in  our  378  foods.  The 
analyses  which  were  combined  for  this 
final  list  all  showed  many  pineapple 
and  dried  fruit  items,  some  of  which 
remain  on  this  final  listing.  The 


TABLE  19-III 

VEGETABLE  AND  STARCH  PREEERENCES  OF  BLACKS 


STARCH  IVEG  HEDONIC  EREQUENCY 


B 

W 

B 

W 

NOTES 

baked  macaroni  & cheese 

6.94 

6.46 

12.71 

9.17 

buttered  mixed  vegetables 

6.24 

5.90 

11.73 

10.14 

buttered  succotash 

5.56 

4.99 

8.36 

5.81 

cabbage 

6.31 

5.12 

10.53 

6.58 

WN- 

canned  lima  beans 

5.81 

4.72 

9.30 

5.65 

WN- 

carrot  raisin  celery  salad 

4.78 

4.29 

7.19 

4.97 

collard  greens 

7.17 

4.81 

14.25 

6.26 

WN- 

fried  cabbage 

5.78 

4.67 

8.85 

5.39 

fried  rice 

6.39 

5.66 

10.81 

7.70 

frozen  lima  beans 

5.83 

4.50 

9.34 

5.76 

hominy  grits 

6.55 

5.10 

14.57 

7.77 

WN- 

mustard  greens 

6.33 

4.45 

11.06 

5.24 

WN- 

steamed  rice 

6.53 

5.47 

12.91 

7.89 

WN- 

sweet  potatoes 

6.87 

5.31 

1 1.89 

6.76 

WN- 

turnip  greens 

6.63 

4.36 

11.61 

5.46 

WN- 
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DESSERTS 

HEDONIC 

FREQUENCY 

B 

W 

B 

W 

NOTES 

bread  pudding 

5.76 

5.14 

8.95 

5.92 

pineapple  sundae 

6.37 

5.83 

10.49 

8.12 

raisin  cookies 

5.78 

5.29 

9.18 

7.01 

raisin  pie 

4.89 

4.42 

7.58 

4.58 

sweet  potato  pie 

7.36 

4.53 

14.60 

5.23 

WN- 

vanilla  wafers 

6.20 

5.73 

10.30 

7.73 

yellow  cake 

5.85 

5.57 

8.57 

6.50 

classes  of  cookies,  cakes,  and  pies  all  ence,  is  that  the  food  class  in  which 
showed  signihcant  preferences  by  there  appears  to  be  major  differential 


blacks. 

I have  saved  the  most  interesting 
for  last.  Table  19-V  , for  beverages. 
Even  with  the  conservative  criteria  for 
inclusion  as  a black  food  preference, 
the  large  listing  shown  emerged. 
There  is  a heavy  concentration  of 
fruit  flavored  juices,  sodas,  and  non- 
carbonated  drinks.  The  class  of  fruit 


preference  between  blacks  and  whites 
related  to  sweetness  appears  to  be 
fruit  drinks.  It  can  be  predicted  that 
the  food  ingestion  behavior  of  blacks 
would  reflect  these  preference  data, 
and  that,  therefore,  the  food  class 
which  would  account  for  differential 
exposure  of  blacks  to  sweetness  would 
be  fruit  beverages. 


drinks  shows  a highly  significant  dif- 
ference in  preference  by  blacks  as 
compared  with  whites.  The  point  to 
be  made,  in  the  context  of  this  confer- 


The  last  table  (Table  19-V  I)  in  this 
series  shows  the  cases  of  significantly 
greater  food  preferences  of  whites, 
with  an  attached  listing  of  food  group- 


TABLE  19-V 

BEVERAGE  PREFERENCES  OF  BLACKS 


BEVERAGES 

HEDONIC 

B 

W 

FREQUENCY 
B W 

NOTES 

cherry  flavored  drink 

6.36 

5.55 

13.40 

8.72 

WN  + 

cherry  soda 

6.38 

5.71 

12.87 

9.26 

WN  + 

fruit  punch 

6.84 

6.03 

14.69 

9.69 

WN  + 

gingerale 

6.48 

5.93 

13.06 

10.30 

WN  + 

grape  flavored  drink 

6.84 

5.91 

15.41 

10.08 

grape  juice 

6.95 

6.24 

16.32 

12.94 

grape  lemonade 

6.50 

5.50 

13.70 

8.92 

grape  soda 

6.92 

5.77 

16.04 

9.75 

grapefruit  juice 

6.41 

5.66 

13.90 

10.54 

grapefruit  orange  juice 

6.81 

6.12 

15.98 

12.97 

grapefruit  pineapple  juice 

6.46 

5.57 

13.96 

10.05 

lemon  lime  soda 

6.32 

5.68 

13.66 

10.78 

WN  + 

lemonade 

7.21 

6.73 

16.17 

13.00 

lime  flavored  drink 

5.91 

5.28 

11.06 

8.09 

WN  + 

orange  flavored  drink 

6.92 

6.04 

16.20 

10.29 

orange  soda 

7.14 

6.04 

16.97 

11.34 

pineapple  juice 

6.37 

5.69 

13.32 

9.23 

prune  juice 

4.59 

3.97 

7.30 

4.41 
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TABLE  19-VI 

FOOD  PREFERENCES  OF  WHITES 


ITEMS  HEDONIC  EREQUENCY 


B 

W 

B 

W 

NOTES 

celery  & carrot  sticks 

5.01 

5.80 

8.07 

12.05 

WN  + 

fresh  coffee 

5.60 

6.57 

15.42 

19.92 

hashed  brown  potatoes 

6.59 

7.16 

12.75 

14.50 

milk 

7.60 

8.08 

22.09 

25.10 

tomato  juice 

4.97 

5.85 

9.25 

12.44 

tossed  green  salad 

6.51 

7.15 

14.31 

17.73 

WN  + 

FOOD  CATEGORIES  PREFERRED  ON  HEDONIC  SCALE  ONLY 

chocolate  desserts 

non- 

•green  buttered 

vegetables 

Mexican  food 

butterscotch  desserts 

white  potatoes 

Italian  food 

ings  preferred  on  the  hedonic  scale 
only.  It  appears  that  the  area  of 
chocolate  desserts  is  one  in  which  the 
differential  exposure  to  sweetness 
might  he  exercised  for  the  whites  as 
compared  with  blacks.  One  interest- 
ing point  is  the  reduced  preference 
for  milk  by  blacks. 

At  the  present  time,  it  is  unclear 
why  the  number  of  foods  significantly 
preferred  by  blacks  is  greater  than  the 
number  preferred  by  whites.  It  may 
be  related  to  the  relative  unavailability 
of  the  black  foods  in  the  military  food 
system. 

Food  preferences  of  relative  weight 
groups 

Our  attempts  to  deal  with  the  com- 
plicated dimension  of  relative  body 
size  have  been  characterized  by  the 
fumblings  and  errors  of  the  novice. 
We  ask  your  patience  with  our  ap- 
proaches. The  raw  data  with  which  we 
had  to  work  were  the  approximately 
4000  food  preference  surveys  with 
the  height  and  weight  provided  by 
each  survey  respondent.  Our  first 
approach  was  to  calculate  the 
somatotype  ponderal  index  (SPI) 
from  height  divided  by  the  cube  root 
of  weight. ^ The  distribution  of  SPI 


was  then  cut  at  either  one  or  two 
standard  deviations  to  produce 
groups  of  overweight  (low  SPI),  and 
underweight  (high  SPI).  The  hedonic 
scale  and  preferred  frequency  scale 
data  were  analyzed  by  analyses  of  vari- 
ance to  determine  whether  signifi- 
cant differences  existed  for  each  of  the 
378  foods.  The  number  of  significant 
differences  within  several  large  food 
classes  are  shown  in  Table  19-VI  I. 
H — indicates  a higher  preference  by 
the  underweight  subjects  and  H+  in- 
dicates a higher  preference  by  the 
overweight  subjects.  Examination  of 
these  data  initially  led  us  to  the  con- 
clusion that  the  hedonic  scale  analysis 
did  not  yield  many  differences  be- 
tween overweight  and  underweight, 
and  did  not  isolate  any  food  class 
which  was  differentially  affected  by 
the  weight  variable.  However,  the 
frequency  scale  indicated  a dramatic 
preference  for  desserts  by  the  under- 
weight subjects.  The  appearance  of  a 
“dessert  phenomenon”  when  one  is 
talking  about  sweetness  and  obesity  is 
always  welcome.  We  were  not  pre- 
pared, however,  for  higher  prefer- 
ence to  be  shown  by  the  underweight 
group.  Fortunately  we  did  not  stop 
the  search  at  this  point. 

A second  set  of  analyses  was  run  on 
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TABLE  19-VII 


NUMBER  OF  FOODS  SHOWING  SIGNIFICANT  DIFFERENCES  IN 
PREFERENCE  BETWEEN  OVERWEIGHT  AND  UNDERWEIGHT 


PREF.  FREQ, 

HED. 

Class  No. 

dessert 

H- 

49 

7 

84 

H+ 

0 

0 

beverage  (sweet) 

H- 

2 

0 

31 

H + 

0 

1 

beverage  (unsweet) 

H- 

2 

1 

29 

H + 

1 

5 

entree 

H- 

8 

1 

111 

H+ 

0 

8 

starch 

H- 

6 

1 

30 

H+ 

0 

1 

vegetable 

H- 

3 

0 

64 

H+ 

0 

7 

fruit 

H- 

12 

1 

29 

H + 

0 

0 

misc 

H- 

0 

0 

8 

H + 

0 

0 

H+  = preferred  by  heavier  individuals  overweight  = +2  standard  deviations  SPI  (HT/'/WT}_ 

H-  = preferred  by  lighter  individuals  underweight  = —2  standard  deviations  SPI  (HT/V^WT.) 


the  hedonic  and  preferred  frequency 
data,  this  time  using  a one  standard 
deviation  measure  for  overweight  and 
underweight,  and  dividing  the  popu- 
lation into  four  groups.  The  group 
above  one  standard  deviation  was  the 
overweight  group,  and  the  group  be- 
tween the  sample  mean  and  the  plus 
one  standard  deviation  group  was  re- 
ferred to  as  “slightly  overweight.” 
Similarly,  underweight  and  slightly 
underweight  groups  were  formed. 
The  analyses  now  had  to  examine  the 
number  of  foods  (out  of  378)  which 
showed  statistically  signihcant  differ- 
ences when  various  combinations  of 
the  four  groups  were  compared  (Ta- 
bles 19-VIII  and  IX). 

The  impressive  number  of  desserts 
showing  significance  in  comparisons 
of  the  various  weight  groups  is  still 


evident  in  the  table  of  preferred  fre- 
quency data.  Comparisons  between 
slightly  heavy  or  heavy  and  slightly 
light  or  light,  in  other  words  compari- 
sons which  cross  the  mean,  yield  sub- 
stantial numbers  of  desserts  for  which 
the  lights  have  higher  ratings  than  the 
heavies.  In  the  analyses  of  33  food 
classes,  several  dessert  classes  (cakes, 
puddings,  ice  cream)  showed  this 
marked  preference.  In  Table  19- 
VIII,  the  numbers  of  entrees  and 
fruits  yielding  significance  are  also  not 
small  and  the  statistically  significant 
class  analyses  for  fresh  fruit  and 
sandwiches  reflected  this.  For  most 
food  classes  note  that  the  largest 
number  of  differences  are  in  the 
comparison  of  slightly  heavy  with 
slightly  light,  not  between  the  extreme 
groups. 
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TABLE  19-VIII 

NUMBER  OE  EOODS  SHOWING  SIGNIEICANT  DIEEERENGES  IN  PREEERENGE 
BETWEEN  OVERWEIGHT  (O),  SLIGHTLY  OVERWEIGHT  (SL.O), 
SLIGHTLY  UNDERWEIGHT  (SL.U)  AND  UNDERWEIGHT  (U) 


SL.O 

vs 

0 

PREFERRED  FREQUENCY 
SL.U  0 SL.U 

vs  vs  vs 

0 U SL.O 

SL.O 

vs 

U 

SL.U 

vs 

U 

dessert 

H- 

0 

18 

6 

67 

61 

20 

H + 

0 

0 

0 

0 

0 

0 

beverage  (sweet) 

H- 

0 

2 

2 

8 

4 

2 

H + 

0 

0 

0 

0 

0 

0 

beverage  (unsweet) 

H- 

0 

2 

1 

3 

3 

2 

H + 

2 

2 

1 

1 

0 

0 

entree 

H- 

0 

4 

9 

17 

16 

11 

H + 

1 

3 

0 

0 

0 

0 

starch 

H- 

0 

2 

5 

10 

11 

4 

H + 

0 

0 

0 

0 

0 

0 

vegetable 

H- 

0 

0 

1 

1 

2 

1 

H + 

0 

0 

0 

0 

0 

0 

fruit 

H- 

0 

6 

12 

16 

11 

4 

H + 

0 

0 

0 

0 

0 

0 

misc. 

H- 

0 

0 

0 

0 

0 

0 

H + 

0 

1 

0 

0 

0 

0 

H+  = preferred  by  heavier  individuals  Slightly  Overweight  = between  mean  and  plus  one  S.  D. 

H—  = preferred  by  lighter  individuals  Slightly  Underweight  = between  mean  ana  minus  one  S. 

Overweight  = +1  standard  deviation  SPI  ( HT/vWT)  Underweight  = —1  standard  deviation  SPI 


The  hedonic  data  (Table  19-IX) 
show  the  phenomenon  of  increased 
Stated  preference  for  desserts  by 
those  on  the  light  side  of  the  SPI  dis- 
tribution. However,  there  has  been  a 
substantial  increase  in  the  number  of 
foods  significantly  preferred  by  those 
on  the  heavy  side  of  SPI  distribution, 
especially  for  entrees.  Both  vegetables 
and  starches  also  show  increased 
numbers  of  items  preferred  by  over- 
weight over  underweight.  In  the  food 
class  analyses,  none  of  these  effects 
seen  with  food  item  analysis  ap- 
peared. Returning  to  the  previous 
Table  19-VII  for  heavy  vs  light,  the 
two  group  comparsison,  it  can  be 


noted  that  both  entrees  and  vegeta- 
bles did  show  some  foods  preferred 
by  heavy  over  light  subjects. 

Thus,  the  data  using  an  SPI  mea- 
sure of  overweight  and  underweight 
and  both  an  hedonic  and  preferred 
frequency  measure  of  food  prefer- 
ence do  not  present  a simple  picture 
of  the  relationship  between  body  size 
and  food  preference.  Lighter  young 
men  prefer  desserts  with  greater  fre- 
quency of  serving  than  heavier  young 
men,  and  like  them  more.  Heavier 
young  men  like  entree  items  more 
than  lighter  young  men,  but  do  not 
want  them  served  more  often. 

Rather  than  stopping  at  this  point. 
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TABLE  19-IX 

NUMBER  OE  EOODS  SHOWING  SIGNIEICANT  DIEEERENCES  IN  PREEERENCE 
BETWEEN  OVERWEIGHT  (O),  SLIGHTLY  OVERWEIGHT  (SL.O),  SLIGHTLY  UN- 
DERWEIGHT (SL.U),  AND  UNDERWEIGHT  (U) 


SL.O 

vs 

0 

SL.U 

vs 

0 

HEDONIC 

U 

vs 

0 

SL.U 

vs 

0 

SL.U 

vs 

SL.O 

SL.U 

vs 

U 

dessert 

H- 

5 

22 

40 

19 

37 

15 

H + 

0 

0 

0 

0 

0 

0 

beverage  (sweet) 

H- 

1 

6 

6 

3 

4 

2 

H + 

1 

1 

0 

0 

0 

0 

beverage  (unsweet) 

H- 

0 

0 

1 

0 

1 

1 

H+ 

6 

8 

5 

3 

2 

0 

entree 

H- 

0 

1 

2 

1 

2 

3 

H+ 

16 

36 

18 

19 

3 

0 

starch 

H- 

1 

3 

8 

3 

6 

3 

H + 

3 

7 

3 

5 

1 

0 

vegetable 

H- 

0 

0 

0 

0 

0 

0 

H + 

3 

14 

6 

9 

1 

0 

fruit 

H- 

1 

10 

12 

4 

6 

3 

H + 

0 

0 

0 

0 

0 

0 

misc 

H- 

0 

0 

0 

0 

0 

1 

H + 

0 

1 

0 

1 

0 

0 

H+  = preferred  by  heavier  individuals  slightly  overweight  = between  mean  and  plus  one  S.D. 

H—  = preferred  by  lighter  individuals  slightly  underweight  = between  mean  and  minus  one  S.D. 

overweight  = +1  standard  deviation  SPI  (=  HT/^WT)  underweight  = — 1 standard  deviation  SPI 


we  decided  to  relate  our  data  to  the 
other  data  in  the  obesity  literature 
which  uses  a different  measure  of 
body  size,  one  related  to  the  Met- 
ropolitan Life  Tables.^  Using  plus  fif- 
teen percent  as  a measure  of  over- 
weight and  minus  fifteen  percent  as  a 
measure  of  underweight,  we  again 
ran  an  analysis  of  variance  on  the  378 
food  items  with  the  light,  normal  and 
heavy  groups.  The  number  of  sub- 
jects falling  in  each  group  is  interest- 
ing; for  most  foods  the  sizes  of  the 
three  groups  were  approximately 
100,  2000,  and  500  indicating  that  five 
times  as  many  people  qualified  as 


being  overweight  as  underweight  ac- 
cording to  these  criteria.  For  relatively 
unfamiliar  foods,  these  numbers  were 
smaller  because  some  subjects  had  in- 
dicated they  had  never  tried  the  item. 
This  is  yet  another  reflection  of  the 
general  obesity  problem  which  has  re- 
ceived so  much  attention. 

Table  19-X  presents  the  number  of 
foods  within  each  food  class  which 
show  a statistically  significant  differ- 
ence in  preference  (hedonic  or  pre- 
ferred frequency).  For  both  fre- 
quency and  hedonic  scales  the  dessert 
phenomenon  described  above  for  the 
data  based  on  the  distribution  of  SPI 
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TABLE  19-X 

NUMBER  OF  FOODS  SHOWING  SIGNIFICANT  DIFFERENCES  IN  PREFERENCE 
BETWEEN  OVERWEIGHT  (O),  NORMAL  (N),  AND  UNDERWEIGHT  (U) 


PREFERRED 
FREQUENCY 
U U N 

vs  vs  vs 

N 0 0 

u 

vs 

N 

HEDONIC 

U 

vs 

0 

N 

vs 

0 

Class 

No. 

dessert 

H + 

0 

0 

1 

1 

0 

7 

84 

H- 

5 

6 

2 

0 

0 

0 

beverage  (sweet) 

H + 

0 

0 

1 

0 

1 

0 

31 

H- 

0 

0 

0 

0 

0 

0 

beverage  (unsweet) 

H + 

0 

2 

2 

4 

5 

4 

29 

H- 

1 

0 

2 

0 

0 

0 

entree 

H + 

0 

0 

10 

11 

37 

46 

111 

H- 

3 

2 

1 

0 

0 

0 

starch 

H + 

0 

0 

0 

1 

2 

6 

30 

H- 

2 

3 

1 

1 

0 

0 

vegetable 

H + 

1 

0 

1 

1 

3 

7 

64 

H- 

3 

1 

0 

2 

2 

0 

fruit 

H + 

0 

0 

0 

3 

3 

0 

29 

H- 

0 

0 

0 

0 

0 

1 

misc 

H + 

0 

0 

0 

0 

0 

0 

8 

H- 

3 

3 

0 

0 

0 

0 

H+  = preferred  by  heavier  individuals  overweight  = +15%  on  Metropolitan  Life  Tables 

H—  = preferred  by  lighter  individuals  underweight  = —15%  on  Metropolitan  Life  Tables 


scores  has  disappeared.  The  popular- 
ity of  entrees  with  the  heavy  part  of 
the  sample  is  very  clear,  especially  for 
the  hedonic  scale  as  was  observed  with 
the  SPI  data  above.  This  again  per- 
mits one  to  draw  the  conclusion  that 
heavy  young  males  prefer  entrees 


more  than  light  or  normal  weight 
young  males.  For  sweet  foods  (des- 
serts, beverages,  and  fruits)  there 
appears  to  be  no  difference  in  prefer- 
ences of  light,  normal,  and  heavy  sub- 
jects when  body  size  is  described  by 
the  Metropolitan  Life  Tables.^ 


SUMMARY 


I have  examined  the  food  prefer- 
ences of  approximately  4000  young 
male  personnel  in  the  United  States 
Armed  Forces.  Their  food  prefer- 
ences have  been  studied  using  a food 
preference  survey  of  378  food  items. 
The  survey  asks  how  much  they  like 
each  item  (hedonic  scale),  and  how 


often  they  would  like  each  item  served 
(preferred  frequency  scale).  Overall, 
about  40%  of  the  fifty  most  popular 
foods  are  sweet  foods.  Special  atten- 
tion was  paid  the  sweet  food  in  con- 
trasting the  preferences  of  blacks  with 
whites,  and  of  overweight,  normal, 
and  underweight  people.  The  analysis 
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of  racial  food  preferences  indicates  a 
high  preference  by  blacks  for  sweet 
fruit  beverages,  suggesting  that  this 
food  class  might  play  a role  in  differ- 
ential exposure  of  blacks  to  sweetness 
and  in  differential  ingestion  of  sweet 
items.  Analyses  of  food  preferences  of 
groups  differing  in  relative  body  size 
indicated  a more  complex  situation.  It 
was  determined  that  compared  to 
normal  weight  subjects,  underweight 


people  rated  desserts  more  highly 
(hedonic  scale)  and  requested  both 
desserts  and  entrees  more  frequently 
(preferred  frequency).  Overweight 
people,  on  the  other  hand,  rated  en- 
trees more  highly  and  said  they  pre- 
ferred them  more  frequently.  The 
complexity  of  the  findings  is  not  con- 
sistent with  any  simplistic  view  of  food 
preferences,  relative  body  size,  and 
the  role  of  sweet  foods. 
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DISCUSSION 


Morrison:  Could  it  be  that  over- 
! weight  people  simply  like  to  eat  and  so 
1 prefer  the  foods  which  they  think 
I they  can  eat  a lot  of?  Since  they  think 
sweets  will  make  them  fat,  they  reject 
j them  in  favor  of  foods  that  they  feel 
freer  to  eat. 

i Meiselman:  Anecdotally,  I can  re- 
port that  the  respondents  appear  to 
j be  filling  out  the  survey  honestly  and 
' spontaneously.  They  read  through  it, 
j item  by  item,  saying  things  like,  “Oh,  I 
j love  it!”  If  you  are  suggesting  an  un- 


derlying motivation,  then  your 
hypothesis  as  well  as  many  others  are 
possible. 

Engen:  The  variability  of  rating 
seems  to  me  to  be  relatively  small  for 
such  a large  group.  Measures  of  the 
average  variability  might  not  tell  you 
much,  but  you  might  pay  special  at- 
tention to  items  with  extremely  high 
or  low  variability  of  ratings. 

Meiselman:  We  have  looked  at 
items  with  different  distributions  of 
scores,  because  these  present  differ- 
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ent  practical  problems  for  menu 
planners.  For  example  an  item  for 
which  the  scores  are  bimodally 
distributed  should  be  offered  to  one 
group  but  should  not  be  offered  to 
another  (e.g.  liver).  Low  variability 
makes  simpler  menu  solutions 
possible. 

Rodin:  The  taste  rating  data  pre- 
sented in  my  chapter  suggest  high 
group  variability  in  preference 
ratings.  This  finding  became  more 
important  than  the  mean  differences 
between  groups. 

Meiselman:  We  already  have  those 
data.  They  could  be  compared  easily. 
Thank  you. 

Galef:  I was  wondering  if  your  re- 
spondents might  perceive  this  ques- 
tionnaire as  effecting  the  choice  of 
food  items  which  would  eventually  be 
presented  to  them?  If  so  the  over- 
weight subjects  might  be  expressing  a 
desire  not  to  be  presented  with  food 
items  they  know  to  be  of  high  caloric 
content.  Perhaps  it’s  not  that  they 
wouldn’t  eat  the  high  caloric  items  if 
they  were  available,  but  that  they 
would  rather  not  be  tempted. 

Meiselman:  I would  have  to  dis- 
agree with  your  hypotheses.  One  of 
the  strongest  attitudes  which  we  have 
to  combat  in  doing  surveys  within  the 
military  is  the  attitude  on  the  part  of 
the  respondents  that  the  survey  will 
have  no  effect,  even  if  there  is  an  effect 
that  the  effect  will  be  very  far  off. 

Grinker:  It  is  possible  to  draw 
some  conclusions  about  diet  from  a 
comparison  of  the  adipose  tissue  of 
obsese  and  normal  weight  subjects 
since  the  composition  of  adipose  tis- 
sue reflects  the  nature  of  ingested  fat. 
There  are  no  significant  differences 
between  the  two  groups  suggesting 
that  obese  individuals  eat  the  same 


proportion  of  fats,  carbohydrates,  etc. 
as  individuals  of  normal  weight. 

Thus,  overall  intakes  of  sweets,  etc. 
would  be  proportionately  equivalent, 
but  the  frequency  of  eating  these 
items  might  be  less  regular.  The 
overweight  person  may  abstain  from 
foods  considered  to  be  highly  caloric 
and  then  periodically  overindulge.  It 
is  also  possible  that  self  reports  of 
overeating  reflect  the  response  bias  of 
the  overweight  person.  We  have  pa- 
tients who  report  overeating  what 
they  think  they  should.  For  example, 
they  will  report  eating  steak  and 
potatoes,  but  in  amounts  appropriate 
for  several  people.  Another  possiblity 
is  that  the  notion  that  overweight 
people  like  sweets  is  erroneous.  We 
certainly  have  not  found  an  increased 
preference  for  sucrose  solutions  in 
our  experiments.  Furthermore,  our 
subjects  often  tell  us  that  they  overeat 
items  like  bread.  They  are  getting 
their  carbohydrates,  but  in  another 
form. 

Rodin:  We  get  the  same  thing. 
While  it  may  be  true  that  overweight 
people  want  to  present  themselves 
well  and  thus  say  that  they  do  not  eat 
many  sweet  things,  for  many  this  is 
not  simply  self-presentation.  Our  in- 
take data  suggest  that  there  are  sev- 
eral extreme  instances  of  overeating 
what  they  know  they  should  eat.  So 
fifteen  eggs  and  ten  pieces  of  bacon 
for  breakfast  is  a morning  meal  be- 
cause that  is  seen  as  less  fattening  than 
a piece  of  cake. 


‘ Hirsch,  J.;  Fatty  acid  patterns  in  human  adipose  tis- 
sue. In:  The  Handoook  of  Physiology,  Section  6,  Adipose 
Tissue,  Washington,  American  Physiological  Society, 
1965,  pp.  181-187. 

* Hirsch,  I.,  and  Goldrick,  B.:  Studies  on  composition 
and  metabolism  of  adipose  tissue  in  man.  In  Rodahl,  K. 
(Ed.),  Fat  as  a Tissue,  New  York,  McGraw  Hill  1964,  pp. 
314-328. 
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Meiselman:  Then  why  did  the 
overweight  group  not  show  a high 
preference  for  salads?  Our  surveys 
only  ask  what  foods  are  preferred  and 
in  what  frequency  of  serving.  There  is 
no  way  of  getting  at  serving  size  in 
these  data,  so  your  point  about  the 
portion  taken  is  a good  one.  Also,  the 
data  are  consistent  in  not  showing  a 
preference  by  overweights  for  sweets. 

Rodin:  I think  it  is  a combination 
of  preference  or  palatability  and 
lower  caloric  value.  Many  high  pro- 
tein entrees  are  also  quite  high  in 
calories  although  many  people  are  not 
aware  of  this.  Starches  as  accompani- 
ments or  in  casseroles  also  add  greatly 
to  the  caloric  value  of  a meal.  This 
may  be  too  simple  an  explanation  but 
it  is  possible  they  are  overeating  high 
calorie,  non-sweet  food  because  they, 
as  almost  all  Americans,  are  poorly 
informed  about  good  nutrition.  Or,  as 
was  suggested  earlier,  they  may  not  be 
telling  the  whole  truth  on  your  ques- 
tionnaires which  suffer  from  the  same 
problems  as  any  self  report  measure. 
One  way  to  check  this  alternative  is  to 
compare  self-reported  to  actually 
measured  height  and  weight.  It 
would  be  an  indicator  of  whether 
they  misrepresent  data  on  these 
questionnaires. 

Meiselman:  Even  better,  we  are  col- 
lecting data  on  what  people  actually 
eat  in  dining  halls.  From  these  same 


large  samples,  we  are  also  collecting 
preference  surveys,  so  that  we  will  be 
able  to  compare  what  a man  does  to 
what  he  says.  We  seem  to  agree  on  the 
critical  role  of  entrees  for  fat  people. 

Collier:  I would  like  to  suggest 
that  it  may  be  the  case  that  response 
bias  is  not  operating  here.  You  are 
getting  the  correct  data.  If  you  re- 
member our  rat  data,  active  rats  in- 
crease their  intake  of  carbohydrates. 
What  you  may  be  looking  at  are  dif- 
ferences in  activity  levels  within  the 
human  population.  Your  lightweights 
are  running  around  engaging  in  all 
kinds  of  activities,  while,  as  we  all 
know,  the  obese  are  conserving 
energy,  sitting  around,  not  moving 
very  much.  Your  data,  then,  express 
the  effect  of  activity.  The  lightweight, 
active  individuals,  just  as  they  should, 
shift  their  preference  in  the  direction 
of  carbohydrates  as  an  energy  source. 

Meiselman:  We  have  some  relevant 
data  on  the  food  preferences  of  men 
in  three  different  climates  collected 
within  a two  week  period.  We  tested 
Air  Force  personnel  in  North  Dakota 
at  well  below  zero,  central  California 
at  temperatures  in  the  range  of 
45-55°  F,  and  Florida  at  temperatures 
of  near  80°  F.  Even  with  this  range  of 
100°  we  could  find  no  systematic  dif- 
ferences in  preference  for  starches  or 
other  classes. 


Chapter  20 


SENSATIONS,  MEASUREMENT  AND 
PLEASANTNESS:  CONFESSIONS  OF  A 
LATENT  INTROSPECTIONIST 


Howard  R.  Moskowitz 


In  the  last  two  decades  human 
sensory  measurement  has  received 
increased  attention  from  psycho- 
physicists, psychologists,  food  scien- 
tists, and  neurophysiologists.  The  at- 
tempt to  use  numbers  to  represent 
nuances  of  sensory  experience  is  at- 
tractive for  a variety  of  reasons,  not 
the  least  of  which  is  that  it  is  an  at- 
tempt to  make  public  a private  aspect 
of  human  behavior.  Even  more  im- 
portant, however,  is  the  insight  that 
these  studies  of  sensory  phenomena 
provide  concerning  how  individuals 


process  information  from  the  exter- 
nal world,  and  what  this  processing 
implies  about  aspects  of  human  be- 
havior, such  as  feeding  and  drinking. 
This  paper  focuses  on  three  aspects  of 
sensory  measurement  applied  to 
taste:  procedures  which  are  available 
for  assessing  sensory  and  hedonic  ex- 
perience, substantive  findings  which 
continue  to  recur  and  possible  expla- 
nations of  some  of  these  findings  in 
terms  of  an  “interpretation  theory  of 
hedonics.” 


MEASUREMENT 


Nominal  scaling 

In  1946,  S.S.  Stevens  proposed  that 
measurement  could  be  arranged  into 
a hierarchy  of  increasingly  potent  op- 
erations.^^ The  lowest  level  of  meas- 
urement is  classification  or  nominal 
scaling.  In  this  procedure  individuals 
sort  stimuli  into  various  groups,  by, 
one  or  another  rule.  Early  studies  of 
hedonics  relied  extensively  upon 
nominal  scaling.  Usually  the  observer 
was  presented  with  a stimulus  (e.g.,  a 
solution  of  sucrose,  a cotton  plug 
saturated  with  a noxious  odorant  like 
asafoetida,  etc.)  and  asked  to  classify 


the  impression  as  being  pleasing,  dis- 
pleasing or  neutral.  Rarely  was  sen- 
sory magnitude  assessed  via  nominal 
scaling,  however. 

Although  the  observer  never  di- 
rectly assigns  numbers  to  stimuli, 
when  asked  to  classify  his  hedonic  im- 
pression, experimenters  (e.g.,  Engel 
often  implied  that  a stimulus  found 
pleasant  by  more  individuals  had  a 
higher  pleasantness  value. 

The  intensity  of  hedonic  response, 
the  degree  of  hedonic  tone,  was  in- 
correctly inferred  from  the  propor- 
tion of  the  population  finding  a 
stimulus  to  be  pleasing  or  displeasing. 
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Figure  20-1  shows  data  collected  by 
Engel, ^ who  instructed  his  observers 
to  classify  sucrose  solutions  as  liked, 

I disliked  or  neutral.  Although  con- 
j centration  influences  the  number  of 
i individuals  who  find  the  taste  to  be 
! pleasing,  no  effect  on  gradations  in 
!j  pleasantness  can  be  inferred. 

! The  attractiveness  of  the  classifica- 
I tion  procedure  is  its  simplicity.  The 
observer  need  not  do  anything  more 
than  classify.  Even  animals  may  be 
trained  to  classify.  Unfortunately,  the 
j simplicity  of  the  task  clouds  the  in- 
i terpretation  of  the  results.  Since  re- 
I sponse  categories  that  reflect  graded 
degrees  of  liking  or  disliking  are  not 
permitted,  stimuli  which  are  just 
mildly  pleasing  are  classified  together 
with  stimuli  which  are  much  more 


pleasing.  In  addition,  it  is  not  clear 
what  criteria  the  observer  uses,  and 
whether  these  criteria  are  stable 
across  time  and  across  experimental 
situations. 

Ordinal  scaling 

The  second  level  of  the  measure- 
ment hierarchy  is  the  ordinal  scale. 
Here  the  observer  indicates  that  he 
prefers  one  stimulus  to  another,  or 
that  one  stimulus  is  sensorically 
stronger  (or  weaker)  than  another. 

Psychophysical  studies  of  taste 
preference  using  ordinal  measure- 
ment by  Chappell  ^ suggested  that 
observers  have  a preference  order  for 
the  taste  of  sugar  solutions.  Sucrose  is 
preferred  to  both  glucose  and  to  fruc- 


Figure  20-1.  Relation  between  the  concentration  of  sucrose  solution  (cane  sugar) 
and  the  proportion  of  the  population  stating  that  they  hnd  the  taste  pleasant, 
unpleasant  or  neutral  (respectively).  Data  from  Engel  (1928),  redrafted  by 
Beebe-Center  (1932),  with  the  permission  of  Van-Nostrand  Reinhold,  Inc. 
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tose  (which  are  equivalent  to  each 
other),  and  these  latter  sugars  are 
both  preferred  to  maltose.  It  is  impor- 
tant to  know  the  rank  order  of  pref- 
erences, but  the  ordinal  scaling  pro- 
cedure leaves  unanswered  the  ques- 
tion of  the  degree  to  which  one  sugar 
is  preferred  to  another. 

In  animal  experimentation  the  ex- 
perimenter often  observes  choices  be- 
tween two  or  more  stimuli  (e.g.,  vary 
ing  concentrations  of  sugar  solution). 
These  choices  resemble  ordinal  scal- 
ing. Solutions  which  the  animal  drinks 
more  of  are  inferred  to  be  more 
pleasant  than  those  solutions  which 
the  animal  drinks  less  of.  However,  it 
is  necessary  to  grant  the  assumption 
that  the  animal  drinks  only  for  plea- 
sure to  infer  the  degree  to  which  one 
solution  is  preferred  over  another 
from  such  data. 

Ordinal  scaling,  like  nominal  scal- 
ing, may  fail  to  provide  an  indication 
of  the  extent  to  which  one  stimulus  is 
preferred  to  another,  a metric  for 
degree  of  liking.  The  metric  informa- 
tion is  obtained  from  the  elegance  of 
the  mathematical  treatment,  not  from 
the  behavior  of  the  observer. 

Interval  scaling 

Interval  scaling  and  ratio  scaling 
are  higher  forms  of  measurement  in 
which  the  observer  becomes  a measur- 
ing instrument  which  generates  num- 
bers to  reflect  response  magnitudes. 
Numbers  may  reflect  the  sensory  in- 
tensity or  the  degree  of  liking  and  dis- 
liking. Interval  scaling  is  best  typified 
by  the  centigrade  scale.  Differences 
on  the  scale  reflect  differences  in 
temperature.  Ratios,  however,  are  not 
meaningful  (40°  C and  20°  C do  not 
stand  in  a ratio  of  2/1,  although  their 


difference  is  20°).  Just  as  differences 
in  the  centigrade  scale  can  be  main- 
tained by  adding  a constant  value 
(e.g.,  100)  to  each  number  (which  dis- 
torts the  ratio,  but  leaves  differences 
invariant),  so  can  differences  in  the 
psychological  interval  scale  be  main- 
tained, even  with  shifting  zero  points. 

The  Category  Scale.  The  category 
scale  is  a variant  of  the  traditional 
interval  scale.  The  scale  comprises  a 
series  of  ordered  categories,  usually 
no  more  than  10  or  11.  Observers  are 
instructed  to  consider  the  categories 
as  representing  equal  subjective  inter- 
vals, so  that  the  subjective  difference 
between  category  1 and  category  2 is 
assumed  (often  by  fiat)  to  equal  the 
subjective  difference  between  any 
other  pair  of  adjacent  categories  (e.g., 
7 and  8,  or  3 and  4).  Whether  this  is  a 
reasonable  assumption  is  open  to 
question.  Although  the  weight  of  evi- 
dence suggests  that  the  category  scale 
is  not  truly  an  equal  interval  scale, 
the  category  scale  is  widely  used,  and 
many  arithmetic  and  statistical  opera- 
tions are  performed  on  the  scale  val- 
ues, under  the  assumption  that  they 
display  interval  properties. 

A number  of  things  should  be  kept 
in  mind  when  evaluating  category 
scale  data,  especially  if  they  relate  to 
hedonic  tone: 

1.  Sometimes  the  scale  has  a specific 
neutral  point,  and  categories  above 
that  neutral  point  represent  ordered 
degrees  of  liking,  whereas  categories 
below  it  represent  ordered  degrees  of 
disliking.  If  the  experimenter  chooses 
not  to  designate  a “neutral  category” 
the  observer  himself  may  be  pre- 
sumed to  implicitly  designate  a region 
on  the  scale  as  neutral,  unbe- 
knownst to  the  experimenter.*^ 

2.  Quite  often  the  experimenter  as- 
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I signs  descriptor  words  to  each  cate- 
gory value,  to  assist  the  observer  in 
[ making  judgments.  Such  considera- 
tion for  the  observer  can  produce  an 
undesirable  outcome  in  that  the  scale 
can  then  be  used  as  a nominal  one. 

I The  observer  merely  decides  which 
j descriptor  best  categorizes  his  feeling 
■ and  the  tasks  become  a nominal  scal- 
ing or  classification  one,  rather  than  a 
metric  or  measuring  one. 

3.  Observers  shy  away  from  using 
^ the  endpoints  of  the  category  scale, 
possibly  because  they  are  afraid  of 
i “running  out  of  numbers.”  If  a 
I stimulus  is  given  the  highest  category 
rating,  an  even  more  pleasing 
stimulus  occurring  later  in  the 
experiment  would  have  to  be  assigned 
the  same  rating,  even  though  the  ob- 
j server  is  well  aware  of  a difference  in 
I pleasantness  between  the  two.  There- 
fore, the  observer  becomes  conserva- 
tive. (See  ref.  17  for  a discussion  of 
this  phenomenon,  known  as  the  cate- 
gory end  effect.) 

The  9 point  hedonic  scale  shown  in 
Table  2()-I  is  a category  scale,  de- 
veloped by  Peryam  and  Pilgrim  for 
j the  U.S.  Army,  at  the  Quartermaster 
j Corps,  in  Chicago,  Illinois.^®  It  has 
I been  used  extensively,  for  the  evalua- 
tion of  the  sensory  acceptability  of 
! foods  to  be  procured  by  the  military, 

j TABLE  20-1 

I NINE  POINT  HEDONIC  SCALE  OE 
I PREFERENCE 

1 Dislike  Extremely 

2 Dislike  Very  Much 

3 Dislike  Moderately 

4 Dislike  Slightly 

I 5 Neither  Like  nor  Dislike  (Neutral) 

I 6 Like  Slightly 

I 7 Like  Moderately 

8 Like  Very  Much 
I 9 Like  Extremely 


and  for  measuring  the  likes  and  dis- 
likes of  young  military  men  for  sev- 
eral hundred  food  items. ^ The  scaling 
operation  is  an  efficient  one,  and  the 
scale  can  be  easily  understood  by  the 
respondent.  Although  it  is  bias  prone, 
the  category  scale,  and  especially  the  9 
Point  Hedonic  Scale,  has  become  the 
major  instrument  in  use  today  to  mea- 
sure hedonic  response  to  food  items. 

Figure  20-2  presents  category  scal- 
ing results  for  the  taste  intensity 
(darkened  markers),  and  taste  pleas- 
antness (open  markers)  for  various 
concentrations  of  glucose,  sodium 
chloride,  citric  acid  and  quinine  sul- 
fate. The  observers  in  this  experi- 
ment were  16  medical  students  at  the 
St.  John’s  Medical  College,  in  Banga- 
lore, India.  Each  observer  made  three 
category  scale  judgments  of  taste  in- 
tensity for  every  stimulus  (0  = no 
taste,  7 = extremely  strong  taste),  and 
three  category  scale  judgments  of 
taste  pleasantness  or  unpleasantness 
(1  = dislike  extremely,  2 = dislike 
moderately,  3 = dislike  slightly,  4 = 
like  slightly,  5 = like  moderately,  6 = 
like  extremely,  no  designated  neutral 
point) . 

The  important  points  to  note  about 
these  data  (which  allow  for  compari- 
son of  hedonic  responses  within  the 
same  individual,  across  concentra- 
tions) are; 

I.  The  observers’  numerical  esti- 
mates of  taste  intensity  grows  in  mag- 
nitude with  stimulus  concentration. 
The  functions  for  different  stimuli 
are,  by  and  large,  parallel  with  each 
other,  except  for  perturbations  at  the 
lower  end  of  the  scale.  This  result  dif- 
fers from  magnitude  estimation  of 
taste  intensity  (a  ratio  scaling  proce- 
dure, discussed  below),  in  that  the 
growth  rate  of  taste  intensity  with 
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RELATIVE  MOLAR  CONCENTRATION 

Figure  20-2.  Relation  between  relative  molar  concentration,  and  both  taste 
intensity  (closed  circles)  and  taste  pleasantness  (open  circles).  The  data  were 
collected  using  a 1-6  category  scale  for  pleasantness  and  a 1-7  category  scale  for 
taste  intensity.  The  data  are  from  Moskowitz,  Kumraiah,  Sharma,  Jacobs  and 
Sharma  (1975). 


concentration  varies  from  taste  com- 
pound to  taste  compound. 

2.  The  functional  relations  devel- 
oped permit  interpolations  and,  to  a 
lesser  degree  extrapolations.  Thus,  the 
taste  intensity  (and  taste  pleasantness) 
of  stimuli  not  directly  tested  can  be 
estimated.  In  addition,  the  parame- 
ters of  the  taste-concentration  func- 
tion themselves  may  be  compared 
across  body  states,  satiety  states,  etc. 

3.  Analysis  of  the  functional  rela- 
tion between  judged  taste  intensity, 
judged  hedonic  level,  and  concentra- 
tion, reveals  that  the  observer  re- 
sponds to  concentration  shifts  differ- 
ently, when  judging  taste  intensity 


and  taste  pleasantness.  That  is,  the  in- 
tensive and  the  hedonic  attributes  of 
the  taste  stimuli  are  functionally  dif- 
ferentiated. The  data  suggest  that 
whereas  a unit  increase  in  the  per- 
ceived sourness  of  citric  acid  or  the 
perceived  bitterness  of  quinine  sulfate 
produces  a unit  change  in  pleasant- 
ness, the  relation  of  increases  in  per- 
ceived sweetness  or  perceived  salti- 
ness to  pleasantness  changes  with  in- 
tensity. With  an  appropriate  scale  in- 
version to  reflect  the  fact  that  increas- 
ing the  concentration  of  the  sour  and 
bitter  stimuli  produces  decreases  in  I 
pleasantness,  the  plots  of  taste  inten- 
sity and  hedonic  tone  as  a function  of 
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I concentration  are  parallel  to  each 
j;  other.  No  such  parallelism  occurs  for 
i|  sweetness  and  saltiness. 

I 4.  The  pleasantness  function  for 
glucose  sweetness  exhibits  a break 
! (viz.  a maximum  point)  at  1.0  M.  This 
|!  concentration  is  as  sweet  as  9%  (W/V) 
i|  sucrose.  The  same  concentration  (1.0 
j M glucose)  has  been  shown  to  be  max- 
ji  imally  pleasant  in  other  studies  ® in 
j which  the  observers  rated  both  the 
sweetness  and  the  pleasantness  of 
I several  dozen  sugars  in  aqueous 
solutions. 

Individual  Differences  in  Hedonic 
I Tone.  Because  category  scaling  per- 
: mits  assessment  of  the  quantitative 
aspects  of  hedonic  processes,  ex- 
perimenters can  inquire  into  the  gen- 
erality of  hedonic  functions,  such  as 
! those  shown  in  Figure  20-2  (e.g.,  ref. 

I 12).  Are  the  pleasantness  functions 
for  sweetness  and  saltiness  merely 
artifacts  obtained  by  averaging  to- 
gether hedonic  ratings  from  different 
individuals?  Some  of  the  individuals 
might  find  the  sweet  taste  of  glucose 
to  be  increasingly  pleasant  along  the 

i entire  range  of  concentrations,  in 
! which  case  their  judgments  of  inten- 
sity and  hedonic  tone  would  be  posi- 
' tively  correlated  and  their  pleasant- 
ness functions  might  even  be  parallel 
to  their  own  sweetness  functions, 
ij  when  both  are  plotted  against  con- 
!i  centration.  Some  individuals  might 
ij  find  just  the  opposite — that  the  sweet 

II  taste  of  glucose  becomes  increasingly 
j unpleasant  at  higher  concentrations. 

I!  For  these  observers  the  pleasantness 
i and  sweetness  judgments  would  be 

j negatively  correlated  and  the  slope  of 
1 their  pleasantness  functions  would 
! thus  be  opposite  to  that  of  their 
j!  sweetness  functions.  Finally,  there 
i might  exist  another  subset  of  indi- 
! 


viduals  who  find  pleasantness  to 
increase  with  sweetness  up  to  a certain 
concentration,  but  then  to  diminish 
with  further  increases  in  sweetness. 
The  concentration  (or  subjective 
sweetness  level)  corresponding  to 
maximal  pleasantness  might  itself  be  a 
random  variable  for  this  group.  De- 
pending upon  the  distribution  of 
individuals  in  the  population  the 
pleasantness  function  for  the  sweet 
taste  of  glucose  might  appear  as  it 
does  in  Figure  20-2,  or  else  might  as- 
sume either  an  entirely  ascending  or 
an  entirely  descending  function. 

Figure  20-3  shows  a set  of  pleas- 
antness functions  for  both  sucrose 
and  sodium  chloride  that  Pangborn 
obtained  by  category  scaling. Ac- 
cording to  Pangborn,  the  observers 
can  be  initially  separated  into  three 
distinct  clusters  of  respondents.  One 
cluster  indicates  that  they  like  increas- 
ing concentrations  of  sucrose,  another 
cluster  indicates  that  they  dislike 
increasing  concentrations  of  sucrose, 
whereas  the  third  cluster  indicates 
that  they  maximally  prefer  an  inter- 
mediate concentration  (3%  W/V 
sucrose).  Unfortunately,  this  data 
does  not  extend  to  higher  concentra- 
tions, up  to  9%  and  higher,  where 
previous  reports  suggest  that  pleas- 
antness might  be  maximal. 

Ratio  scales,  power  functions,  and 
growth  rates 

Ratio  scaling  is  the  highest  form  of 
sensory  measurement,  and  provides 
the  experimenter  with  numbers  that 
can  be  subjected  to  a variety  of  statisti- 
cal operations.  In  the  typical  proce- 
dure, observers  assign  numbers  to 
stimuli  so  that  the  ratios  of  these 
numbers  reflect  ratios  of  sensory 
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Figure  20-3.  Relation  between  percent  concentration  and  hedonic  ratings  of 
sodium  chloride  and  sucrose.  Note  that  the  three  different  patterns  suggest  that 
individuals  respond  differently  to  the  taste  pleasantness  or  unpleasantness  of 
these  two,  commonly  used,  sapid  chemicals  (Data  from  Pangborn,  1970  with  the 
permission  of  the  author  and  of  Psychonomic  Press,  Inc.) 


magnitudes  (e.g.,  sweetness,  bitter- 
ness, odor  intensity)  or  of  liking. 
Whether  the  numbers  which  the  ob- 
server assigns  truly  display  ratio-scale 
properties  is  an  unresolved  question. 
However,  a variety  of  procedures 
have  been  developed  which  illustrate 
that  the  operation  of  number  match- 
ing is  consistent  with  the  premises  of 
ratio  scaling  (e.g.,  cross-modality 
matching,  as  described  by  Stevens  ^®). 
The  numerical  assignment  procedure 
is  known  as  magnitude  estimation,  and 
has  been  used  extensively  to  generate 
numerical  relations  between  subjec- 


tive estimates  of  perceived  intensity 
(e.g.,  loudness,  brightness,  taste  inten- 
sity) and  instrumental  measures  of 
stimulus  magnitude  (e.g.,  acoustic 
energy,  luminous  energy,  chemical 
concentration,  respectively). 

If  linear  coordinates  are  used  to 
plot  the  relation  of  the  numbers  gen- 
erated by  magnitude  estimation  to  the 
physical  intensity  of  the  stimuli,  the 
functions  may  appear  concave  up- 
wards, concave  downwards  or  linear. 
However,  in  log-log  coordinates  the 
functions  become  linear,  suggesting 
that  sensory  magnitude  (S)  can  be  re- 
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lated,  in  an  ad  hoc  way,  to  physical 
intensity  (I)  by  means  of  a power 
function:  S=KP.  The  exponent  n var- 
ies from  one  continuum  to  another. 
Functions  that  are  concave  upwards 
(accelerating  functions)  have  ex- 
ponents greater  than  1.0.  Good 
examples  are  the  sweetness  of  glu- 
cose, the  saltiness  of  sodium  chloride, 
the  perceived  shock  generated  by  cur- 
rent traversing  the  fingers,  and  the 
saturation  of  colors.  Those  functions 
which  exhibit  downward  concavity  in- 
clude the  perceived  intensity  for 
many  different  odorants,  the  sourness 
of  acids  and  the  bitterness  of  quinine 
and  its  derivatives.  Saccharin  sweet- 
ness also  conforms  to  a decelerating 
function  of  concentration,  in  contrast 
to  the  sweetness  function  for  glucose 
(and  other  sugars). 

Although  the  metric  properties  ob- 
tained from  magnitude  estimation  are 
more  rigorous  than  those  obtained 
from  category  scaling,  nonetheless  the 
general  shape  of  the  intensity  func- 
tions are  similar  and  the  shape  of  the 
sweetness-pleasantness  function  is  vir- 
tually identical.  The  pleasantness  of 
sugar  (and  of  sweetened  foods,  such 
as  cherry  flavored  beverage,  pudding, 
cake)  first  increases  with  concentra- 
tion, reaches  a maximum  level  (at  the 
sweetness  equal  to  that  imparted  by 


1.0  M glucose)  and  then  diminishes 
with  increasing  sugar  level. 

The  form  of  the  pleasantness  func- 
tion (against  concentration)  can  be 
more  adequately  explored  with  the 
method  of  magnitude  estimation.  As  a 
first  approximation,  the  increasing 
portion  of  the  pleasantness  function  is 
governed  by  a slope  (in  log-log  co- 
ordinates) which  is  lower  than  the  cor- 
responding slope  (in  that  concentra- 
tion region)  governing  the  increase  in 
perceived  sweetness.  That  is,  a 10-fold 
increase  in  concentration  for  levels 
lower  than  1.0  M glucose  may  pro- 
duce a 20: 1 increase  in  perceived 
sweetness,  but  only  a 3-4: 1 increase  in 
judged  pleasantness.  Although  they 
are  correlated,  in  that  region,  the 
growth  of  sweetness  is  more  rapid 
than  the  growth  of  pleasantness.®  As 
the  concentration  of  glucose  in- 
creased beyond  1.0  M the  function  for 
pleasantness  turns  over  and  pleasant- 
ness rating  diminishes,  usually  at  a 
rate  which  is  the  inverse  of  that  for 
concentration  (viz.  a 2:1  increase  in 
concentration  produces  a loss  of 
about  50%  in  pleasantness).  Relatively 
little  data  is  available,  however,  on  the 
parameters  of  the  descending  portion 
of  the  pleasantness  function  for  su- 
crose, whether  by  magnitude  estima- 
tion or  by  category  scaling. 


LINGUISTIC  ASPECTS  OF  HEDONIC  MEASUREMENT 


What  does  the  concept  “pleasant- 
ness” or  “unpleasantness”  mean  to  the 
individual?  That  question  may  seem 
simple,  although  Beebe-Center’s  his- 
torical review  of  research  on  pleas- 
antness or  unpleasantness  ^ suggests 
that  what  is  eminently  clear  to  the 
intuition  is,  more  often  than  not,  un- 


clear to  the  intellect.  Sensory  mag- 
nitude may  be  correlated  with  in- 
creases in  physical  intensity,  and  the 
experimenter  can  objectively  show  the 
observer  such  correlations.  The  ex- 
perimenter need  only  increase  the 
electrical  energy  applied  to  ear- 
phones, and  show  the  observer  the 
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readings  on  a voltmeter,  while  the  ob- 
server attends  to  increases  in  subjec- 
tive loudness.  On  the  other  hand, 
pleasantness  and  unpleasantness  do 
not  necessarily  correspond  to  an  easily 
manipulated  physical  continuum  and 
thus  may  be  viewed  as  lying  solely 
within  the  individual.  Biological  or 
maturational  changes  in  the  observer 
may  produce  changes  in  apparent 
pleasantness  (cf.  Engen  ^).  In  addi- 
tion, a stimulus  which  seems  pleasant 
in  one  circumstance  may  be  repug- 
nant under  another  (e.g.,  the  odor  of 
cabbage  at  the  dinner  table  vs.  the 
same  odor  in  a perfume  shop). 

If  situational  factors  are  so  potent 
an  influence  on  hedonic  judgments, 
and  if  an  experimenter’s  verbal 
instructions  to  judge  pleasantness 
rather  than  sensory  intensity  can  pro- 
voke an  entirely  different  subjective 
function  (for  estimates  plotted  against 
physical  magnitude),  then  at  least  one 
serious  problem  arises.  How  is  the 
experimenter  to  decide  what  the 
organism  attends  to  when  making  a 
judgment  and  exhibiting  behavior? 
Much  of  the  work  that  has  been 
reported  on  animal  choice  behavior  is 
open  to  the  question  of  what  aspect, 
sensory  or  hedonic,  controls  or 
determines  the  behavior.  Behavioral 
measures  alone  may  not  necessarily 
distinguish  between  pleasantness  and 
sensory  magnitude.  Choice  behavior 


and  ingestive  behavior,  which  seem  so 
valid  as  indications  of  preference, 
break  down  if  the  experimenter  tries 
to  determine  which  attribute,  taste 
intensity  or  taste  preference,  is 
responsible  for  the  behavior.  Only  the 
presence  of  language,  and  the  ability 
to  verbally  state  the  difference  be- 
tween liking  and  sensory  intensity, 
can  allow  the  experimenter  to  distin- 
guish between  the  two  possible  de- 
terminants of  behavior.  Retrospective 
views  of  behavior  patterns  do  not,  by 
themselves,  indicate  which  attribute 
was  operative  at  the  time  of  the  j 
behavior. 

A human  observer  making  taste 
judgments  may  be  instructed  to 
attend  to  either  sensory  intensity 
or  to  pleasantness.  In  at  least  one 
situation  ratings  of  the  sweetness  in- 
tensity for  a variety  of  foods  could  be 
distinguished,  functionally,  from 
judgments  of  acceptability  by  this  \ 
method.^®  The  observer  generates 
a different  appearing  pattern  for 
sweetness  (vs.  concentration)  than  for 
pleasantness  (vs.  concentration).  These 
two  patterns  can  only  be  contrasted 
with  each  other  if  they  are  elicited 
from  the  same  observer,  under  con- 
ditions that  differ  only  with  respect 
to  verbal  cues  that  both  the  ex- 
perimenter and  the  observer  under-  ( 
stand  properly.  j 


AN  INTERPRETATION  THEORY  OF  HEDONIC  JUDGMENTS 


The  foregoing  sections  set  forth  the 
premise  that  much  of  our  response  to 
external  stimuli  (at  least  in  terms  of 
psychophysical  scaling)  is  cued  by 
verbal  labels,  such  as  intensity  and 
pleasantness.  To  what  degree  is  the 
hedonic  response  to  a stimulus  the 


result  of  interpretation?  If  observers 
receive  and  operate  only  upon  sen- 
sory information,  and  yet  generate 
reproducible  and  different  functions 
for  intensity  and  pleasantness,  one 
is  lead  to  ask  to  what  degree  the 
pleasantness  function  is  a product  of 
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|i 

j secondary  processing  of  the  sensory 
information? 

I There  are  at  least  two  possibiities  to 
{ explore.  One  possibility  is  that,  while 
I the  organism  has  available  to  it  a sen- 
! sory  system  which  faithfully  mirrors 
j physical  intensity  by  one  or  another 
I transform,  it  deals  with  hedonic  in- 
! formation  categorically.  Hedonic  tone 
I would  have  no  true  variation  in  mag- 
nitude, although  sensory  intensity 
would.  Possibility  1 implies  that  the 
I hedonic  functions  obtained  when  the 
observer  estimates  taste  pleasantness 
depend  upon  a misunderstanding  of 
I the  observer’s  instructions.  Variations 
in  pleasantness  judgments  with  physi- 
cal intensity  might  occur  because  the 
observer,  incapable  of  distinguishing 
variations  in  hedonic  tone  (or  even 
I realizing  that  hedonic  tone  has  no  in- 
i trinsic  variation),  attends  to  variations 
in  sensory  magnitude.  The  ratings 
which  the  observer  gives  are  reflec- 
tions of  a judgment  of  sensory  mag- 
nitude coupled  with  the  presence  or 
absence  of  a constant,  fixed,  underly- 
ing hedonic  tone.  For  acids  and  bitters 
there  may  be  no  problem  in  rating, 
because  increasing  concentrations  of 
acid  never  become  pleasant,  nor  do 
increasing  levels  of  bitters.  On  the 
other  hand,  sometimes  too-sweet 
products  change  from  pleasant  to  un- 
pleasant. If  this  shift  is  a random  vari- 
able, then  we  might  expect  to  see  an 
attenuated  intensity  function,  which 
occurs  for  sweetness  and  for  saltiness. 

Possibility  2 posits  that  there  are 
true  hedonic  functions  for  some  con- 
tinua,  but  not  for  others.  I have  label- 
led these  continua  Type  I and  Type 
II,  respectively.®  Type  I continua  are 
j those  whose  hedonic  function  parallel 
' the  intensity  function,  and  the  experi- 
I menter  has  no  a priori  way  to  dem- 


onstrate whether  the  observer  is  ac- 
tually estimating  sensory  intensity  or 
hedonic  tone.  Among  Type  I con- 
tinua are:  the  annoyance  of  noise;  the 
pleasure  of  touch;  the  unpleasantness 
of  sourness;  the  unpleasantness  of 
butanol  odor.  Type  II  continua  fail  to 
show  functionally  equivalent  sensory 
intensity  and  hedonic  functions.  They 
include  the  pleasantness  of  sugar,  the 
pleasantness  and  unpleasantness  of 
sodium  chloride,  and  the  pleasantness 
of  some  odorants. 

Obesity  and  hedonics 

In  some  experiments  in  which 
obese  observers  gave  ratings  for  the 
pleasantness  of  sucrose  and  sodium 
chloride,  increasing  concentrations  of 
sucrose  occasion  a monotonic  de- 
crease (or  increase)  in  pleasantness  in 
contrast  to  the  inverted  U shaped 
function  which  normal  weight  indi- 
viduals exhibit.®  This  monotonicity 
suggests  quite  strongly  that  obese  sub- 
jects do  not  really  attend  to  the 
hedonic  tone  of  the  sweet  taste. 
Rather,  they  appear  to  attend  primar- 
ily to  the  sweetness  of  the  sucrose 
solution,  and  misconstrue  that  sweet- 
ness to  be  pleasantness.  In  terms  of 
the  interpretation  theory  proffered 
above,  obese  individuals  do  not  have 
access  to  an  underlying  pleasantness 
continuum,  whether  this  continuum 
be  simply  a global,  all-or-none  feeling 
about  pleasantness  (viz.  possibility  1) 
or  else  a true  hedonic  continuum 
operating  in  conjunction  with  the  sen- 
sory intensity  continuum  (viz.  possibil- 
ity 2,  Type  II  continua).  Rodin  et. 
al.  found  similar  results  with  the 
pleasantness  ratings  of  sweetened 
cherry  flavored  beverages.  Obese  girls 
in  a summer  camp,  on  a weight  reduc- 
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ing  regimen,  found  the  taste  of  the 
beverage  to  increase  in  pleasantness 
monotonically  with  concentration. 
Girls  of  more  normal  weight  showed 
the  expected  breakpoint  in  the  pleas- 
antness function.  This  weight  depen- 
dent failure  to  display  the  breakpoint 
implies  that  the  obese  lack  the  ability 
to  distinguish  between  pleasantness 
and  taste  intensity. 

Alliesthesia  and  hedonics 

Cabanac  ^ has  proposed  that  the 
internal  physiological  state  may  alter 
our  perception  of  the  pleasantness  (or 
unpleasantness)  of  external  stimuli. 
He  has  reported  that  after  the  inges- 
tion of  a satiating  load  of  glucose  ob- 
servers find  taste  to  be  less  pleasant 
than  when  they  were  hungry.  This 
internal  regulation  of  hedonic  re- 
sponsiveness is  called  alliesthesia,  and 
operates  on  a variety  of  sensory  sys- 
tems in  which  hedonic  tone  enters  as  a 
constituent  of  the  sensory  experience 
(e.g.,  taste,  smell,  temperature). 

Cabanac’s  alliesthesic  hypothesis 
may  be  a specific  case  of  the  more 
general  hedonic  process  outlined 
here.  Satiated  individuals  may  lose  the 
ability  to  distinguish  the  hedonic  tone 
of  stimuli  which  impinge  upon  them, 
and  rely  simply  upon  the  sensory  in- 
formation. For  sweetness  that  loss 
would  change  the  taste  hedonic  from 
Type  II  (where  intensity  and  pleas- 
antness are  not  equivalent  to  each 
other)  to  Type  I (where  intensity  and 
pleasantness  are  equivalent  to  each 
other).  Such  a shift  would  occur  in 
two  seemingly  different  ways. 

1.  The  pleasantness  function  for 
the  sweet  taste  would  fail  to  show  a 


breakpoint,  although  pleasantness 
would  still  rise  with  concentration. 
After  satiation,  1.0  M would  no  longer 
be  a critical  glucose  level,  since  the 
observer  no  longer  has  graded 
hedonic  information  available  to  him. 
Type  I behavior  would  prevail,  and 
the  pleasantness  function  would  ap- 
proximate the  sweetness  function.  On 
the  other  hand,  no  such  dramatic  shift 
need  occur.  The  hedonic  function 
which  underlies  sweetness  perception 
might  be  diminished  in  importance, 
so  that  the  observer  attends  only 
somewhat  to  the  hedonic  tone  of  the 
taste,  and  is  no  longer  able  to  home  in 
on  the  critical  sensory  level  of  sweet- 
ness above  which  the  sweet  taste  fails 
to  increase  in  pleasantness  with  con- 
centration (viz.  1.0  M glucose).  Just 
such  an  extraordinarily  attenuated, 
but  not  eliminated,  hedonic  function 
was  found  by  Moskowitz,  Kumraiah, 
Sharma,  Jacobs  and  Sharma  for 
Indian  medical  students  who  were 
artificially  sated  with  a glucose  load 
(1.5  g/kilogram  body  weight).  Whereas 
the  unsatiated  pleasantness  function 
for  glucose  taste  for  equivalent  groups 
(tested  under  the  same  regimen)  who 
showed  a breakpoint  at  1.0  M glucose, 
the  pleasantness  function  for  the 
satiated  group  failed  to  show  the 
breakpoint. 

2.  The  pleasantness  function  might 
invert,  so  that  the  observer  would  re- 
port that  the  taste  previously  pleasant 
is  unpleasant.  The  unpleasantness  rat- 
ing would  either  be  constant  across 
concentrations  (showing  a global 
negative  hedonic  tone  for  the  taste)  or 
else  the  unpleasantness  of  the  taste 
would  increase  in  magnitude  with 
concentration. 
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At  what  stage  can  we  assume  that 
the  infant  becomes  aware  that  sweet- 
ness is  pleasant,  whereas  sourness,  bit- 
terness and  high  levels  of  saltiness  are 
unpleasant.  Can  the  infant  differ- 
entiate between  the  sensory  and  the 
hedonic  aspects  of  stimuli  im- 
mediately, or  is  this  learned  during 
development?  Considerable  evidence 
points  to  the  responsivity  of  infants 
(primarily  neonates)  to  sweet  solu- 
tions. The  hedonic  character  of  this 
response  is  always  inferred,  however, 
from  the  anthropomorphic  conclu- 
sions of  the  investigator.  Since  the  in- 
fant does  not  have  a language  (or  its 
nuances  are  not  yet  sufficiently  known 
to  distinguish  between  aspects,  such  as 
sensory  intensity  and  sensory  pleas- 
antness), our  studies  of  infants  must 
draw  conclusions  about  behavior 
alone,  without  specifying  which  of  two 
correlated  aspects  of  the  stimulus 
produce  that  behavior.  The  same  dif- 
ficulty pervades  non-verbal  measures 
of  human  adult  behavior.  Knowledge 
that  one  beverage  was  drunk  in  five 
times  greater  quantities  than  another 
beverage  does  not  allow  us  to  con- 
clude that  it  was  five  times  more 
pleasant  rather  than  five  times  more 
sweet  (unless  we  predicate  the  defini- 
tion of  pleasantness  on  the  operation 
of  drinking  in  a choice  situation). 

The  foregoing  train  of  logic  is  ini- 
tially discouraging,  for  it  implies  that 
researchers  in  neonatal  and  infant 
behavior  may  be  left  without  the  abil- 
ity to  distinguish  behavior  based  on 
judgments  of  sensory  magnitude 
from  judgments  based  on  hedonic 
tone.  Nonetheless,  this  problem  opens 
up  a fertile  avenue  of  research  involv- 


ing the  ontogenetic  comparison  of 
sensory  and  hedonic  properties  of  the 
same  taste  materials.  The  observers 
would  be  human  beings,  during  vari- 
ous phases  of  development,  from 
infancy  (without  language)  through 
childhood  (where  language  develops) 
and  on  through  adulthood  (where 
language  and  meanings  are  refined). 
Concomitant  with  this  study  of  re- 
sponsiveness to  external  stimuli  would 
be  a study  of  the  meaning,  behavior- 
ally  or  linguistically  (or  both),  of 
pleasantness  of  sensory  magnitude.  It 
should  be  possible  to  trace  the 
response  of  the  human  to  a beverage 
backwards,  starting  from  adulthood 
and  moving  into  childhood  and 
infancy,  all  the  while  simultaneously 
finding  behaviors  which  differentiate 
between  pleasantness  and  taste  inten- 
sity. The  tools  of  the  experiment  and 
the  research  paradigms  will  shift  with 
the  capacities  of  the  observer.  Adults 
and  children  with  good  vocabularies 
will  be  able  to  state  the  difference 
between  their  perception  of  the 
sweetness  of  the  beverage  and  their 
perception  of  its  pleasantness  (how 
much  they  like  it,  how  acceptable  the 
beverage  is — the  set  of  distinctions  it- 
self suffices  for  an  entirely  different 
research  project).  Validations  of  the 
differentiation  between  sweetness  and 
pleasantness  might  be  obtained  by 
testing  those  concentrations  at  which 
sweetness  is  extreme,  but  pleasantness 
(or  intake)  has  dropped  off. 
Paradigms  which  differentiate,  opera- 
tionally, between  pleasantness  and 
sweetness  could  maintain  one  re- 
sponse (e.g.,  drinking,  magnitude 
estimation)  when  the  cue  is  sweetness. 
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and  maintain  another  response  for 
the  same  stimulus  (e.g.,  rejection, 
magnitude  estimation)  when  the  cue 
is  pleasantness. 

It  may  ultimately  be  possible  to 
show  that  infants  do  perceive  differ- 
ences between  the  magnitude  or  in- 


tensity of  a stimulus  and  its  hedonic 
tone.  Although  markedly  different 
functions  for  sweetness  and  pleasant- 
ness versus  concentration  can  be 
demonstrated  in  adults  the  exact  form 
of  the  analogous  function  in  young- 
sters may  be  elusive. 
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Chapter  21 


IMPLICATIONS  OF  RESPONSIVENESS  TO 
SWEET  TASTE  FOR  OBESITY 


Judith  Rodin 


The  association  between  taste  re- 
sponsiveness and  overweight  has  been 
widely  demonstrated  in  both  animals 
and  humans  for  a variety  of  experi- 
mentally and  genetically  produced 
obesities.  Animals  with  ventromedial 
hypothalamic  lesions  typically  show 
greater  responsiveness  to  the  sensory 
qualities  of  their  food  than  normal 


weight  intact  animals  and  great  in- 
creases in  consumption  can  be  ob- 
tained simply  by  adding  dextrose  to 
standard  food.^’^^’^®  The  eating  be- 
havior of  many  varieties  of  genetically 
obese  mice  and  of  hibernators 
during  the  phase  of  weight  gain  and 
obesity  prior  to  hibernation  is  also 
highly  responsive  to  taste. 


TASTE  RESPONSIVENESS  IN  OVERWEIGHT  HUMANS 


Like  the  heavy  animal,  the  obese 
person  often  reacts  strongly  to  the 
taste  of  his  food.  Hashim  and  Van 
Itallie  gave  clinically  obese  patients 
nothing  to  eat  but  a bland,  unappetiz- 
ing liquid  formula  for  several  weeks. 
The  patients  typically  consumed  only 
a few  hundred  calories  per  day  of  this 
food,  whereas  they  had  previously 
been  eating  several  thousand  calories 
of  the  standard  hospital  diet.  Weight 
reduction  during  long  periods  of  ex- 
clusive access  to  the  formula  diet  was 
dramatic.  In  contrast,  normal-weight 
subjects  given  the  formula  maintained 
normal  caloric  intake  and  experi- 
enced little  or  no  weight  loss. 

It  seems  likely  that  the  obese  pa- 
tients in  Hashim  and  Van  Itallie’s  ex- 
periment consumed  very  small 
amounts  of  formula  simply  because 


they  did  not  like  the  taste.  A direct  test 
of  this  hypothesis  was  provided  in  an 
experiment  by  Nisbett.^^  Nisbett 
asked  obese*  and  normal  subjects,  as 
well  as  under-weight  subjects,  to  par- 
ticipate in  an  experiment  examining 
“the  effects  of  hunger  on  ability  to 
concentrate.”  All  subjects  were  told 
that  they  were  in  the  experimental 
condition  and  would  be  fed  prior  to 
taking  the  concentration  tests.  The 
food  which  they  were  asked  to  eat  was 
vanilla  ice  cream  in  one  of  two  forms: 
either  an  excellent  and  expensive 
French  vanilla  or  vanilla  which  had 
been  adulterated  with  quinine.  To 
avoid  suspicion,  the  ice  cream  was  de- 

*Percent  overweight  in  this  and  subsequent  experi- 
ments reported  here  was  determined  on  the  basis  of 
Metropolitan  Life  Insurance  norms  (Ref.  17)  calculated 
for  height  and  age.  Heavy  subjects  were  15%  or  more 
overweight  by  these  standards. 
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scribed  to  all  subjects  as  having  a new 
“vanilla  bitters”  flavor.  The  three 
weight  groups  responded  in  dramati- 
cally different  ways  to  the  taste  ma- 
nipulation. Overweight  subjects  were 
the  most  responsive  to  the  taste,  eat- 
ing far  more  of  the  good-tasting  than 
of  the  adulterated  ice  cream.  Under- 
weight subjects  were  far  less  respon- 
sive, eating  more  nearly  equivalent 
amounts  of  good  and  bad  tasting  ice 
cream.  Normal  subjects  displayed  an 
intermediate  responsiveness  to  taste. 

Subjects  were’also  asked  how  much 
they  liked  the  ice  cream  they  had  been 
given.  These  ratings  provide  for  more 
informative  analyses  than  the  two- 
level,  good-bad  manipulation.  Figure 
21-1  presents  the  amount  of  ice 
cream  eaten  as  a function  of  subject’s 
weight  and  ratings  of  the  ice  cream. 
Underweight  subjects  ate  more  dis- 
liked ice  cream  than  did  normal  sub- 
jects and  less  liked  ice  cream.  Over- 
weight subjects  ate  roughly  the  same 
amount  of  disliked  ice  cream  as  other 


Overweight 


subjects,  but  far  more  liked  ice  cream. 

In  a second  study,  Nisbett,  in  col- 
laboration with  Harry  Jacobs  and  Joel 
Sidel  examined  the  response  of 
volunteer  taste  testers  to  the  taste  of 
cake  samples  which  ranged  in  quality 
from  the  best  available  in  the  Army  to 
unpleasant  experimental  prepara- 
tions such  as  a cake  stored  at  100°  for 
100  days.  The  height  and  weight  of 
taste  testers  were  recorded.  Cake 
samples  were  weighed  prior  to  and 
after  sampling.  Figure  21-2  presents 
the  amount  of  cake  eaten  as  a func- 
tion of  the  weight  of  the  volunteer 
and  his  evaluation  of  the  cake  sample. 
The  pattern  is  similar  to  that  of  Fig- 
ure 21-1.  Underweight  subjects  ate 
more  disliked  cake  and  less  extremely 
liked  cake  than  normal  subjects. 
Overweight  subjects  ate  roughly  the 
same  amount  of  disliked  cake  as  other 
subjects  but  considerably  more  of  the 
cake  which  they  liked. 

Using  a different  paradigm, 
Cabanac  suggested  that  overweight 
and  normal  weight  people  are  most 
dissimilar  in  their  response  to  sweet 


Overweight 


EVALUATION  OF  CAKE  SAMPLE 


EVALUATION  OP  ICE  CREAM 

Figure  21-1.  Grams  of  ice  cream  eaten  as  a 
function  of  ratings  of  its  taste. 


Figure  21-2.  Grams  of  cake  eaten  as  a func- 
tion of  subject’s  weight  and  evaluation  of  cake 
sample. 
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taste  after  a glucose  preload.^  While  made  drop  in  affective  response  to  su- 
hedonic  ratings  of  oral  sucrose  solu-  crose  for  normal  weight  individuals. 
I tions  varying  in  sweetness  were  high  The  obese,  on  the  other  hand,  ap- 
!j  for  both  obese  and  normal  patients  peared  unaffected  by  the  glucose  gas- 
j after  a 12  hour  fast,  the  ingestion  of  trie  load  and  continued  to  give  high 
50  grams  of  glucose  in  200  ml.  of  positive  ratings  to  the  stimuli. 

! aqueous  solution  produced  a dra- 

CORRELATION  AND  CAUSE 


j Experiments  which  demonstrate  a 
strong  association  between  obesity 
and  sweet  preference,  naturally  lead 
to  speculation  about  the  etiologic  sig- 
nificance of  responsiveness  to  sweet 
taste  for  the  development  of  obesity. 

I As  many  of  us  have  considered  this 
issue  22,23,34  seem  three  good 

I possibilities: 

1)  Heightened  taste  responsiveness 
may  be  one  of  the  contributing 
factors  to  overeating  and  obe- 

i sity.  This  hypothesis  suggests 

that  there  are  individuals  who, 
either  biologically  or  through 
early  experience,  are  highly  re- 
sponsive to  palatable  foodstuffs 
and  it  is  this  condition  which 
contributes  to  overeating  and 
consequent  weight  gain. 

2)  The  obese  condition  itself  may 
alter  taste  responsiveness  such 
that  once  an  individual  attains  a 
certain  degree  of  overweight,  his 
responsiveness  to  good  tasting 

I food  is  enhanced, 
j 3)  The  two  are  correlated  and  can 
co-occur,  but  may  both  be  caused 
by  a third  factor.  This  hypothesis 
suggests  that  there  is  no  direct 
causal  relationship  between  taste 
responsiveness  and  obesity. 

Unfortunately,  or  perhaps  interest- 
I ingly,  there  is  some  evidence  for  all 
I three  points  of  view  in  both  the  ani- 
I mal  and  human  obesity  literature. 

I 

I 


Evidence  with  ventromedial- 
lesioned  animals 

The  ventromedial  hypothalamic 
(VMH)  animal  will  serve  as  an  exam- 
ple since  it  is  the  preparation  I am 
most  familiar  with.  The  first 
hypothesis  is  supported  by  data  which 
suggest  that  these  animals  attain  their 
highest  degree  of  obesity  only  when 
given  good  tasting  food  which  is 
either  sweet-tasting  or  high  in  fat.^®’^^ 
This  diet  typically  produces  a 
dynamic  bout  of  overeating  and 
weight  gain  even  among  VMH  ani- 
mals in  the  static  phase  of  obesity.^ 
The  second  alternative  is  supported 
by  Teitelbaum’s  work  that  indicates 
that  only  animals  which  have  already 
become  quite  obese  actually  show 
hyperresponsiveness  to  sweet  taste. 
Animals  in  the  pre-obese,  dynamic 
stage  are  only  slightly  more  finicky 
than  control  animals.  The  third  alter- 
native is  supported  by  Graff  and 
Stellar’s  ® finding  that  the  placement 
of  the  lesion  itself  determines  whether 
obesity  and  differential  taste  respon- 
siveness co-occur  or  are  produced 
independently. 

Evidence  with  human  obesity 

Support  for  the  presumption  that 
taste  responsiveness  precedes  and 
contributes  to  the  development  of 
obesity  comes  primarily  from  the 
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demonstration  that  currently  normal 
weight  individuals  who  were  once 
overweight,  are  still  highly  responsive 
to  taste  and  ingest  large  quantities  of 
preferred  food.^^’^^  However,  some 
physiological  changes  associated  with 
obesity  remain  even  after  weight  loss. 
In  juvenile  onset  obesity,  for  example, 
the  number  of  fat  cells  reniains  ele- 
vated regardless  of  weight  lost.^'* 
Nonetheless,  recent  work  has  shown 
that  there  are  some  highly  taste  re- 
sponsive normal  weight  individuals 
who  have  never  been  overweight. 
These  people  are,  by  self  report,  re- 
strained eaters  who  consciously  and 
continuously  monitor  their  eating. 
They  are  also  highly  responsive  to  ex- 
ternal cues  such  as  fear-provoking 
stimuli. Their  behavior  lends  sup- 
port to  the  assertion  that  responsive- 
ness to  sweet  taste  as  well  as  other 
potent  external  cues,  may  contribute 
to  the  development  of  obesity  in  the 
absence  of  severe  monitoring. 

Let  us  now  consider  the  second 
alternative,  tested  by  attempts  to 
demonstrate  that  overweight  causes 
differential  sweet  preference.  This 
question  has  been  approached  by  con- 
sidering whether  individuals  who  are 
obese  at  birth  show  differences  in 
taste  responsiveness.  Nisbett  and 
Gurwitz  reported  that  heavy  infants 
drank  more  glucose  enriched  sweet 
tasting  formula  than  lighter  infants 
when  fed  ad  lib.  Yet,  Desor,  Mailer 
and  Turner®  recently  pointed  out 
that  the  finding  that  heavy  babies  pre- 
fer sweet  solutions  in  their  3 minute- 
taste  tests  depends  on  how  weight 
categories  are  defined.  Furthermore, 
overweight  is  more  critical  to  a test 
of  the  causal  hypothesis  than  heavi- 
ness, and  Nisbett  and  Gurwitz 
actually  found  no  relationship  be- 


tween their  index  of  overweight, 
“weight/length, and  responsiveness 
to  sweet  taste,  thus  weakening  the 
evidence  for  this  alternative. 

Finally,  there  is  less  direct  evidence 
with  humans  for  the  third  alter- 
native— that  is  that  weight  and  taste 
responsiveness  are  merely  correlated 
and  not  causally  linked.  It  may  be 
however,  that  people  biologically  pre- 
disposed to  be  fat  may  also  have  a 
predisposition,  at  the  level  of  the 
GNS,  to  be  highly  taste  responsive. 

Thus,  neither  the  direction  nor  the 
very  existence  of  a causal  relationship 
between  obesity  and  taste  responsive- 
ness has  been  well  established.  Before 
further  attempts  are  made  to  deal 
with  the  etiological  significance  of 
sweet  taste  responsiveness  for  obesity, 
we  should  define  more  clearly  the 
components  of  taste  to  which  obese 
subjects  differentially  react  and 
precisely  how  this  can  influence  food 
intake. 

Relationship  between  weight  and 
sensory  aspects  of  sweet  taste 

Does  the  difference  between  the 
weight  groups  lie  in  their  judgment  of 
the  presence  and  intensity  of  sweet- 
ness? Grinker  and  her  coworkers 
have  demonstrated  that  the  differ- 
ence does  not  seem  to  be  one  of  dis- 
crimination or  detectability.  Do  the 
groups  differ  then  in  how  pleasant 
they  find  sweet-tasting  substances. 
Grinker’s  examination  of  this  ques- 
tion showed  that  at  higher  concentra- 
tions of  sucrose,  overweight  and  obese 
subjects  actually  rated  the  sweetened 
liquid  less  rather  than  more  pleasant 
than  normals  and  drank  less.  These 
experiments  all  used  sucrose  and 
water  solutions  as  the  test  stimuli  and 
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examination  of  the  data  reveals  that 
the  mean  ratings  for  all  weight  groups 
ivere  generally  in  the  neutral  range  of 
tiedonic  value.  Perhaps,  the  stimuli 
^vere  simply  not  sufficiently  palatable 
to  elicit  differences  as  a function  of 
weight.  Since  preference  is  deter- 
mined by  both  hedonic  processes  and 
dietary  habits, we  decided  to  repeat 
these  experiments  using  a familiar 
and  highly  palatable  taste  substance.^® 
The  experiment  examined  whether 
the  obese  are  more  sensitive  to,  and 
prefer  increases  in,  the  sweetness  of 
a rich  and  good  tasting  substance 
and  whether  preference  leads  to  in- 
strumental behavior  to  obtain  the 
substance. 

Judgments 

To  a standard,  pre-sweetened  milk- 
shake, sucrose  was  added  to  produce 
sugar  solutions  equal  to  .17,  .34,  .51 
and  .68  molar  solution  in  the  shake. 
These  four  and  the  unadulterated 
milkshake  were  presented  in  5 ml. 
:ups  to  each  subject,  in  random  order. 
The  subject  took  a sip  of  each,  spit  it 
Dut,  rated  it  on  a 9 point  scale  for 
intensity  of  sweetness  and  rinsed  his 
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mouth  with  water.^®  This  procedure 
was  repeated  for  taste  pleasantness 
ratings. 

As  Table  21-1  shows,  there  were  no 
significant  weight  group  differences 
in  intensity  or  pleasantness  ratings  for 
the  five  increasingly  sweet  substances 
even  when  the  food  was  tasty  and 
familiar.  However,  the  weight  groups 
were  dissimilar  in  the  degree  of  their 
reaction.  A simple  effects  interaction 
test  indicates  that  the  difference  be- 
tween the  mean  hedonic  ratings  for 
the  most  and  least  preferred  taste 
substance  was  significantly  greater  for 
overweight  subjects  than  for  normals 
(Ti,72  = 4.01,/?  < .05). 

Motivational  effects 

To  assess  motivation  to  obtain  sweet 
taste,  subjects  next  were  promised  a 
full  glass  of  milkshake  if  they  solved  a 
spatial  puzzle.  They  were  instructed 
to  work  on  the  puzzles  only  as  long  as 
they  wished  since  this  part  of  the  ex- 
periment was  simply  a pretest  of  sev- 
eral puzzles  for  a later  study.  The 
puzzles  were  actually  unsolvable.  For 
one  third  of  each  weight  group,  every 
subject  was  offered  his  or  her  most 


TABLE  21-1 

MEAN  INTENSITY  AND  PLEASANTNESS  RATINGS  FOR  MILKSHAKES  VARYING 

IN  SUGROSE  CONGENTRATION 


GROUP 

CON  CENTRA  TIONS 

Base 

.17M 

.34M 

JIM 

.68M 

Intensity  of  Sweet  Taste 

Overweight 

5.66 

6.27 

7.13 

8.47 

8.97 

Normal-weight 

5.73 

6.63 

7.34 

7.83 

8.14 

Pleasantness  of  Sweet  Taste 

Overweight 

7.57 

7.59 

8.37 

7.01 

7.46 

Normal-weight 

im 

8.03 

8.02 

7.56 

7.13 

Note:  On  the  intensity  scale  1 = no  sweet  taste,  9 = extremely  strong  sweet  taste. 

On  the  pleasantness  scale  1 = extremely  unpleasant,  9 = extremely  pleasant. 
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MINUTES  SPENT  WORKING  ON  THE  UNSOLVABLE  PUZZLE  EOR  PREEERRED 

AND  UNPREEERRED  REWARD 


REWARDS 

SUBJECTS 

Overweight 

Normal  weight 

Least  preferred  milkshake 

2.70 

2.92 

Most  preferred  milkshake 

7.96 

5.02 

Most  preferred  milkshake  after 
preload  with  same  milkshake 

9.37  ^ 

3.64 

Note:  After  10  minutes,  any  subject  still  working  on  the  puzzle  was  stopped  and  given  a score  of  10. 

^p<m 


preferred  milkshake  for  solving  the 
puzzle  and  another  third  was  prom- 
ised their  least  preferred.  The  re- 
maining third  in  each  weight  group 
was  also  offered  their  most  preferred 
milkshake  for  solving  the  puzzle  and 
given  an  8 ounce  glass  of  that 
milkshake  20  minutes  before  they 
began  working  on  the  puzzle.*  As 
shown  in  Table  21-11  overweight  sub- 
jects worked  longer,  on  the  average, 
than  normals  for  their  most  preferred 
milkshake  and  spent  about  the  same 
time  working  for  the  least  preferred 
substance.  Most  interesting,  the  pre- 
load apparently  increased  the  over- 
weight subjects’  motivation  to  obtain 
more  milkshake  whereas  in  normal 
weight  subjects  it  had  precisely  the 
opposite  effect,  rendering  their 
persistence  comparable  to  that 
demonstrated  for  the  least  preferred 
substance. 

The  data  suggest  that  preference 
does  affect  motivation,  and  that  it 
does  so  more  strongly  for  overweight 
individuals.  Ingesting  the  highly  pre- 
ferred substance  enhanced  the  moti- 
vation of  this  group.  But  normals  ap- 
pear to  respond  to  satiety  cues  that 
decrease  their  motivation  to  obtain 

*If  ilie  subjects  had  not  slopped  working  on  the  puz- 
zle after  10  minutes,  they  were  sto|)ped  and  assigned  a 
stofe  of  10 


more.  For  the  obese  it  appears  that 
short  term  satiety  cues  are  either  not 
working  properly  or  are  overridden 
by  affective  responsiveness  to  the 
good  tasting  milkshake. 

Influence  of  perceived  pleasantness 
on  food  intake  in  the  obese 

The  finding  that  sensitivity  and 
preference  differences  between 
weight  groups  are  not  evident  when 
the  intensity  of  the  taste  substance  is 
varied,  suggests  at  least  two  possible 
explanations.  First,  it  may  be  that  a 
different  aspect  of  taste  influences 
reactivity  in  the  obese,  for  example, 
texture,  temperature,  or  the  ease  of 
getting  the  taste.  Second,  it  may  be 
that  so-called  differential  taste  re- 
sponsiveness is  actually  a difference  in 
food  intake  alone  and  not  a difference 
in  either  discrimination  or  prefer- 
ence. The  next  experiment  was  de- 
signed to  test  whether  the  effort  in- 
volved in  obtaining  the  substance 
would  influence  food  preference  and 
ingestion  in  overweight  persons,  and 
to  explore  alternative  definitions  of 
overweight. 

Overweight  and  weight  stability 

We  considered  how  perceived 
pleasantness  influences  ingestion  and 
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whether  differences  between  weight 
groups  could  b'e  attributed  to  differ- 
ences in  set  point  for  adipose  tissue 
mass.^®  Cabanac  and  his  col- 

leagues have  suggested  that  if  an 
organism  is  below  its  set  point,  inter- 
nal physiological  cues  signalling  short 
term  changes  in  nutritional  state  are 
ignored.  While  a glucose  load  in  an 
undeprived  organism  renders  sweet 
solutions  unpleasant,^  the  same  load 
during  severe  long-term  deprivation 
has  no  effect  on  the  rated  pleasant- 
ness of  the  sweet  solutions.  Cabanac  et 
al  attribute  this  result  to  the  fact  that 
the  adipose  tissue  mass  in  the  de- 
prived organism  is  below  its  biologi- 
cally determined  set  point,  thus 
heightening  the  attractiveness  of 
sweet  taste  by  rendering  satiety 
mechanisms  ineffectual.  Nisbett  has 
suggested  that  most  moderately 
overweight  individuals  are  probably 
below  set  point  if  they  diet  in  response 
to  social  pressure  and  consequently 
also  fit  this  description  of  a deprived 
organism.  In  a reanalysis  of  some  ear- 
lier data,  Nisbett  classified  overweight 
subjects  as  below  set  point  if  they  were 
less  than  40%  overweight.  Individuals 
who  ignored  social  pressure  and  be- 
came extremely  overweight  were  pre- 
sumed to  be  at  or  above  set  point  and 
consequently  were  not  expected  to 
show  the  energy  deficit  pattern.  Nor- 
mal weight  subjects  were  considered 
below  set  point  if  they  had  once  been 
overweight.  Nisbett  found  that  sub- 
jects in  weight  groups  classified  as 
below  set  point  were,  on  the  average, 
more  responsive  to  good  and  bad  tast- 
ing ice  cream  than  subjects  designated 
at  set  point. 

While  the  notion  of  a biologically 
determined  set  point  is  intuitively 
appealing  and  theoretically  potent. 


Nisbett’s  operational  definition  for 
humans  seems  open  to  question. 
There  appears  to  be  no  a priori  reason 
to  assume  that  one  who  is  40%  over- 
weight is  actually  closer  to  his  own 
biological  set  point  than  one  who  is 
20%  overweight,  that  is,  if  degree  of 
appropriate  adipose  tissue  mass  is 
continuously  and  normally  distrib- 
uted in  the  population.  Indeed  it  is 
possible  that  the  40%  individual  is 
above  his  set  point,  a state  whose 
physiological  implications  are  un- 
specihed.  These  considerations 
suggest  that  degree  of  overweight 
may  not  be  the  best  way  to  view  set 
point  differences.  Instead,  closeness 
to  set  point  might  be  inferred  from 
long  term  weight  stability.  For  the 
present  study  we  assumed  that  indi- 
viduals who  reported  no  dietary  re- 
strictions and  whose  weight  showed 
little  yearly  fluctuation  were  closer  to 
their  biological  set  point  than  others 
whose  weights  were  very  unstable. 

An  operational  definition  of  near- 
ness to  set  point,  more  stringent  than 
those  that  had  been  previously 
applied  to  humans,  was  based  on 
three  weight  measures  taken  over  the 
course  of  approximately  one  year. 
The  hrst  weight  was  obtained  during 
the  spring  semester  of  the  school  year 
when  medical  forms  for  the  incoming 
freshman  class  were  returned  to  the 
admissions  office.  The  following  fall, 
under  the  guise  of  a health  service 
weight  survey,  300  potential  subjects 
were  weighed  and  a weight  history 
questionnaire  was  administered  which 
was  designed  to  determine  the  degree 
of  weight  fluctuation  in  the  past  few 
years,  childhood  weight  history  and 
eating  practices,  and  current  dietary 
habits.  A third  weight  measure  was 
taken  the  following  spring  when  the 


302 


Taste  and  Development 


experiment  was  actually  conducted. 

On  the  basis  of  these  self-report 
and  measurement  data,  subjects  were 
considered  below  set  point  if  a)  their 
weights  had  fluctuated  more  than  7% 
in  the  past  2 years,  and  b)  they  re- 
ported usually  not  eating  whatever 
and  as  much  as  they  wished.  Subjects 
assumed  to  be  operating  at  or  close  to 
set  point  were  those  a)  whose  weight 
had  not  fluctuated  more  than  3%  dur- 
ing the  last  2 years,  b)  who  did  not 
restrict  their  eating,  and  c)  who 
weighed  as  milch  as  they  had  ever 
weighed. 

Subjects  in  these  two  groups  were 
further  divided  into  three  subgroups 
according  to  degree  of  overweight. 
These  groups  were  1)  60%  or  more 
overweight  (obese),  2)  between  15% 
and  40%  overweight  (overweight), 
and  3)  between  —10%  and  +10% 
overweight  (normal- weight).  There 
were  10  subjects  in  each  of  the  six 
groups. 

Hedonic  judgments  and  intake 

Forty-five  minutes  after  a uniform 
preload  of  a sandwich  and  a glass  of 
water,  subjects  were  allowed  unlim- 


ited access  to  chocolate  milkshake  as 
part  of  a taste  test  and  were  instructed 
to  drink  as  much  milkshake  as  needed 
in  order  to  carefully  complete  a 
lengthy  taste  questionnaire.  All  sub- 
jects were  given  36  ounces  of  choco- 
late milkshake  in  a 48  ounce  opaque 
plastic  container  to  reduce  visual 
food-relevant  cues. 

There  was  large  within  group  vari- 
ability in  pleasantness  ratings  for  all 
weight  groups  and  consequently  we 
divided  subjects  into  those  who  rated 
the  milkshake  as  neutral  or  less  and 
those  who  rated  it  as  moderately 
pleasant  or  above  (Table  21-III).  Of 
those  subjects  who  rated  the 
milkshake  as  pleasant,  overweight 
subjects  found  it  significantly  better 
and  liked  it  significantly  more  than 
either  obese  or  normal  weight  subjects 
(T=5.89,  6//=1/48,  P <.025).  Within 
weight  groups,  weight  stability  or 
unstability  had  no  significant  effect  on 
taste  ratings. 

Similarly,  the  milkshake  intake  data 
shown  in  Figure  21-3,  reveal  no  effect 
of  set  point  as  defined  here.  Degree  of 
overweight  however  did  have  a sig- 
nificant effect  (F  = 6.53,  df  = 2/54, 
p <.01).  Specific  comparisons  indicate 


TABLE  21-III 

INTENSITY  OF  HEDONIC  RESPONSE  BY  SUBJECTS  AT  AND  BELOW  SET  POINT 
AND  DIFFERING  IN  DEGREE  OF  OVERWEIGHT 
(WIDE  STRAW  CONDITION) 


By  Current  Weight 

By  History 

Normal  weight 

Overweight 

Obese 

Liked  Milkshake  (rating  + 1 to  + 3) 

At  .set  point 

1.67  (4)  * 

2.80  (5) 

1.60  (5) 

Below  set  point 

1.67  (3) 

2.40  (5) 

1.40  (5) 

Disliked  Milkshake  (rating  -3  to  0) 

At  set  point 

-1.17  (6) 

-2.20  (5) 

-1.40  (5) 

Below  set  point 

-1.43  (7) 

-1.20  (5) 

-1.40  (5) 

♦Brac  keted  tiumber  represents  the  number  of  subjects  in  each  category. 
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that  overweight  subjects  as  a group 
consumed  significantly  more  than  did 
either  obese  {F  = 5.04,  df  = 1/54,  p < 
.05)  or  normal  weight  subjects  {F  = 
8.84,  df  = 1154,  p < .01).  The  overall 
correlation  between  preference  and 
intake  was  highly  significant  suggest- 
ing that  the  more  subjects  liked  the 
milkshake  the  more  they  drank  (r  = 
Al,p  < .01).  This  was  especially  true 
for  overweight  (r  = .51,  p < .01)  and 
obese  (r  = .58,  p < .01)  subjects.  Sev- 
eral normals  who  liked  the  milkshake 
however  did  not  drink  greater 
amounts  ( r = .06),  presumably  be- 
cause they  were  responding  to  satiety 
cues  from  the  sandwich  preload. 
These  results  are  consistent  with  ear- 
lier findings  that  overweight  subjects 
consume  more  of  highly  preferred 
but  somewhat  less  of  nonpreferred 
foods  in  comparison  with  normals.^^’^^ 

Effort 

If  overweight  individuals  like  better 
and  consume  more  of  a highly  pre- 
ferred milkshake,  it  might  be  ex- 
pected that  they  would  be  more  will- 
ing than  normals  to  work  to  obtain 
this  food.  The  experiment  described 
above  was  actually  a repeated  meas- 
ures design  in  which  there  were  two 
taste  rating  sessions,  two  to  three 
weeks  apart.  In  each  session,  half  the 
subjects  in  each  weight  group  tasted 
the  milkshake  through  a thin  tube 
with  an  inside  diameter  of . 106  inches 
making  it  quite  difficult  to  drink  the 
thick  milkshake.  The  other  half  drank 
through  a wide  tube  with  an  inside 
diameter  of  .157  inches.  Figure  21-4 
shows  the  difference  in  amount  con- 
sumed through  the  difficult  and  easy 
straws. 

It  is  clear  that  overweight  subjects 
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Figure  21-3.  Mean  ounces  of  milkshake 
drunk  in  easy  straw  condition  by  set  point  and 
below  set  point  subjects  differing  in  degree  of 
overweight. 
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Figure  21-4.  Mean  difference  in  ounces  of 
milkshake  drunk  between  hard  and  easy 
straw  conditions  in  set  point  and  below  set 
point  subjects  differing  in  degree  of  over- 
weight. 


were  most  deterred  by  the  effort  in- 
volved in  sipping  through  the  very 
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thin  straw.  Paired  comparison  tests 
show  that  overweight  subjects  were 
significantly  more  deterred  by  the 
difficult  straw  than  were  either  nor- 
mal weight  {F  = 9.01,  df  = 1154,  p < 
.01)  or  obese  subjects  {F=  7.32,  df  = 
1/54,  p < .01).  There  was  also  a sig- 
nificant main  effect  for  weight  stabil- 
ity {F  = 4.59,  df  = 1154,  p < .05)  but 
no  interaction  effects. 

Earlier  we  demonstrated  that  over- 
weight subjects  will  work  longer  at 
puzzles  to  obtain  a preferred  milk- 
shake. Before  concluding  that  if  too 
much  effort  is  involved,  it  does  not 
matter  how  much  they  like  the  taste, 
let  us  examine  the  taste  ratings  given 
to  the  milkshake  when  the  difficult 
straw  was  used.  All  subjects  actually 
found  the  milkshake  less  pleasant 
when  they  had  to  work  hard  for  it. 
The  effect  was  greatest  for  over- 
weight subjects  particularly  when,  as 
indicated  in  Table  21-IV,  the  groups 
were  again  divided  into  those  giving 
above  and  below  neutral  ratings. 
Overweight  subjects  gave  taste  ratings 
which  were  significantly  less  positive 
{t  diff  = 2.33,  df  = 8,p  < .05)  and 
somewhat  more  negative  (t  diff  = 2.17, 


df  = 10,  p < .10)  when  using  the 
narrow  straw  than  when  using  the 
wide  straw. 

It  should  be  remembered  that  this 
was  a repeated  measures  design  with 
counter-balanced  order  of  presenta- 
tion so  these  were  the  same  subjects 
who  rated  the  milkshake  as  more 
pleasant  when  they  used  the  easy 
straw.  Subjects  were  not  informed 
that  they  were  rating  the  same 
milkshake  in  both  situations.  These 
results,  combined  with  those  from  the 
“easy”  straw  condition,  suggest  that 
what  overweight  subjects  like,  they 
seem  to  like  more  strongly  than  other 
weight  groups,  and  what  they  dislike, 
they  dislike  more  strongly.  This  End- 
ing supports  other  demonstrations 
that  overweight  people  are  more  re- 
sponsive to  salient  cues,^"^  if  we  assume 
that  highly  positive  or  negative  foods 
are  potent  stimuli.  Overweight  sub- 
jects also  appear  more  likely  to  de- 
termine preference  for  a taste  sub- 
stance on  the  basis  of  the  ease  or  diffi- 
culty of  getting  it  into  the  mouth  and 
degree  of  liking,  in  turn,  significantly 
influences  ingestion. 

The  data  replicate  Nisbett’s  find- 


TABLE  21-IV 

INTENSITY  OE  HEDONIC  RESPONSE  BY  SUBJECTS  AT  AND  BELOW  SET  POINT 
AND  DIFEERING  IN  DEGREE  OF  OVERWEIGHT 
(NARROW  STRAW  CONDITION) 


By  History 

By  Current  Weight 

Normal  weight 

Overweight 

Obese 

Liked  Milkshake  (rating  +1  to  +3) 

At  set  point 

2.33  (3)* 

1.20  (5) 

2.00  (2) 

Below  set  point 

1.50  (4) 

1.50  (4) 

1.33  (3) 

Disliked  Milkshake  (rating  —3  to  0) 

At  set  point 

-1.29  (7) 

-2.60  (5) 

-0.88  (8) 

Below  set  point 

-1.33  (6) 

-2.00  (6) 

-1.43  (7) 

*Hra(:ketc(i  number  represents  the  number  of  subjects  in  each  category. 


305 


Implication 

ings  that  extremely  overweight  sub- 
jects responded  to  taste  like  normals 
and  unlike  the  moderately  obese. 
Even  in  response  to  non-food  exter- 
nal stimuli,  the  obese  have  been  found 
to  respond  more  like  normals  and  less 
j like  their  moderately  overweight 
1 counterparts.^®  However  our  results 
j do  not  support  Nisbett’s  assertion  that 
the  moderately  overweight  group  is 
most  responsive  to  external  cues  be- 
cause it  is  further  from  physiological 
set  point.  We  question  whether  per- 
j cent  overweight  is  an  adequate  or 
even  correct  definition  of  deviation 
j from  set  point.  Weight  stability  ap- 
pears to  provide  a conceptually  more 
precise  definition.  When  this  defini- 
tion is  used,  set  point  differences 

I SUMMARY  AND 

The  moderately  overweight  do  not 
show  aberrant  discrimination  of  sweet 
tastes  nor  do  they  show  a greater 
preference  for  sweet  than  normals,  at 
least  with  the  test  substances  used. 
Rather  than  involving  which  specific 
stimuli  are  preferred,  the  differential 
taste  responsiveness  of  the  overweight 
appears  as  a heightened  affective  re- 
sponse to  whatever  taste  substances 
they  judge  to  be  either  hedonically 
positive  or  negative.  Heightened 
responsiveness  is  expressed  both 
' in  preference  and  ingestion.  Con- 
1 sequently,  responsiveness  to  food  cues 
I may  simply  be  a special  case  of  a much 
I broader  phenomenon  of  generalized 
I stimulus  sensitivity.  In  contexts  unre- 
lated to  eating  the  obese  have  been 
found  to  be  far  more  reactive  than 
normal  weight  individuals  to  promi- 
nent external  cues  which  affected 
their  time  perception  and  ideation, 
emotionality  and  distractability.^®’^®’^^ 


for  Obesity 

within  weight  groups  had  very  little 
effect.  They  did  not  influence 
hedonic  ratings  at  all  and  had  no  ef- 
fect on  intake  when  consumption  in- 
volved but  slight  effort.  The  signifi- 
cantly decreased  intake  by  below  set 
point  individuals  using  the  effortful 
straw  is  subject  to  an  explanation  that 
is  theoretically  very  trivial.  Perhaps 
subjects  who,  by  self  report,  try  to 
consciously  monitor  their  weight  were 
reminded  by  the  effort  involved  in 
using  the  thin  straw  that  they  should 
not  be  trying  so  hard  to  get  this  for- 
bidden food.  It  does  not  appear  that 
they  were  more  upset  or  disturbed  by 
the  effort  since  their  preference  rat- 
ings were  not  significantly  lower  than 
those  of  the  stable  weight  groups. 

CONCLUSIONS 

Sweet  tasting  substances  may  thus  be 
just  one  of  many  classes  of  stimuli  to 
which  overweight  subjects  are  highly 
responsive.  Certainly  it  is  possible  that 
this  kind  of  overresponsiveness  could 
play  an  important  role  in  the  de- 
velopment of  obesity.  Recently  we 
demonstrated  that  normal  weight 
individuals  with  no  history  of  over- 
weight and  who  show  a predisposition 
to  respond  to  salient  cues  in  their  en- 
vironment also  show  greater  fluctua- 
tions in  food  intake  and  weight  when 
placed  in  a novel  and  abundant  food 
environment  during  an  8 week  sum- 
mer camp  than  other  normal  weight 
subjects. 

In  addition  to  suggesting  that  the 
difference  between  overweight  and 
normals  in  taste  lies  in  their  affective 
responsiveness,  our  experiments  also 
began  to  examine  more  closely  the 
question  of  a biological  set  point  in 
humans.  It  is  difficult  a priori  to 
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specify  each  individual’s  set  point  and 
consequently  to  infer  distance  from  it. 
The  heuristic  value  of  deviation  from 
set  point  as  a predictor  for  and  expla- 
nation of  eating  and  regulatory  be- 
havior is  thus  questionable  although 
its  descriptive  value  may  be  great. 
Moreover  in  human  eating  behavior, 
where  habits  and  preference  play  so 
great  a role,  the  long  term  regulation 
modified  by  set  point  may  be  overrid- 
den by  environmental  influences.^® 
Several  experiments  have  now  dem- 
onstrated that  the  short  and  long  term 
regulation  of  even  normal  weight 
people  is  greatly  influenced  by  cogni- 
tive cues  and  habits  at  the  expense 
of  precise  physiological  regula- 
tion. Increased  responsive- 


ness to  external  cues  might,  thus, 
contribute  to  overeating  and  weight 
gain.  Whether  extreme  obesity  some- 
how overrides  or  modifies  hyper- 
responsiveness to  external  cues  or  is 
etiologically  different  remains  an  im- 
portant question.  Animal  work  points 
to  multiple  causation  and  numerous 
types  of  obesity;  certainly  this  should 
also  be  expected  for  humans.  This  is 
speculation,  however,  and  the  critical 
experiments  remain  to  be  done.  The 
answers  lie  in  good,  longterm  pro- 
spective studies  starting  with  new- 
borns. The  implications  for  an  under- 
standing of  the  development  of 
obesity  as  well  as  for  sweet  preference, 
are  considerable. 


REFERENCES 


1.  Bray,  G.A.  and  York,  D.A.:  Genetically 

transmitted  obesity  in  rodents. 
Physiol.  Rev.,  51:598-656,  1971. 

2.  Cabanac,  M.:  Physiological  role  of  plea- 

sure. 173:1103-1107,  1971. 

3.  Cabanac,  M.  and  Duclaux,  R.:  Obesity: 

Absence  of  satiety  aversion  to  su- 
crose. Science,  168:469-497,  1970. 

4.  Cabanac,  M.,  Minaire,  Y.,  and  Adair,  E.: 

Influence  of  internal  factors  on  the 
pleasantness  of  gustative  sweet  sensa- 
tion. Comm,  in  Behav.  Bio.,  Part  A, 
1:77-82,  1968. 

5.  Corbit,  J.D.  and  Steller,  E.:  Palatability, 

food  intake,  and  obesity  in  normal' 
and  hyperphagic  rats.  J.  Comp. 
Physiol.  Psychol.  58:63-67,  1964. 

6.  Desor,  J.A.,  Mailer,  O.  and  Turner,  R.E.: 

Taste  in  acceptance  of  sugars  by 
human  infants.  J.  Comp.  Physiol. 
P.sychol.  84:496-501,  1973. 

7.  Fuller,  J.L.  and  Jacoby,  G.A.:  Central  and 

sensory  control  of  food  intake  in 
genetically  obese  mice.  Am.  J.  Physiol. 
183:279-283,  1955. 

8.  Graff,  H.,  and  Stellar,  E.:  Hyperphagia, 

obesity,  and  finickiness.  J.  Comp. 
Phy.siol.  Psychol.  55:418-424,  1962. 


9.  Grinker,  J.:  Obesity  and  Taste:  Human 
and  animal  studies.  In  Bray,  G.A. 
(Ed.),  Obesity  in  Perspective  Part  II, 
Washington,  D.C.,  Superintendent  of 
Documents,  U.S.  Government  Print- 
ing Office,  1976. 

10.  Grinker,  J.,  Hirsch,  J.,  and  Smith,  D.C.: 

Taste  sensitivity  and  susceptibility  to 
external  influence  in  obese  and  normal 
weight  subjects.  J.  Pers.  Soc.  Psychol. 
22:320-325, 1972. 

1 1.  Hashim,  S.  and  Van  Itallie,  T.:  Studies  in 

normal  and  obese  subjects  with  a 
monitored  food-dispensing  device. 
Ann.  N.  Y.  Acad.  Sci.  131:654-661, 
1965. 

12.  Herman,  C.P.  and  Mack,  D.:  Restrained 

and  unrestrained  eating.  Unpub- 
lished manuscript.  Northwestern 
University,  1974. 

13.  Herman,  C.P.  and  Polivy,  J.:  Effects  of 

fear  on  restrained  and  unrestrained 
eaters.  Unpublished  manuscript. 
Northwestern  University,  1974. 

14.  Hirsch,  j.  and  Knittle,  J.L.:  Cellularity  of 

obese  and  nonobese  human  adipose 
tissue.  Proc.  29:1516-1521,  1970. 


307 


Implication  for  Obesity 


15.  Jordan,  H.A.,  Stellar,  E.,  and  Duggan, 

S.Z.:  Voluntary  introgastric  feeding 
in  man.  Comm.  Behav.  Bio.  1:65-67, 
1968. 

16.  LeMagnen,  J.:  Advances  in  studies  on  the 

physiological  control  and  regulation 
of  food  intake.  In  Stellar,  E.  and 
Sprague,  J.M.,  (Eds.),  Progress  in 
physiological  psychology,  Vol.  4.  New 
York,  Academic  Press,  1971. 

17.  Metropolitan  Life  Insurance  Company: 

New  weight  standards  for  men  and 
women.  Stat.  Bull.,  40:  1-4,  1959. 

18.  Miller,  N.E.,  Bailey,  C.J.,  and  Stevenson, 

J.A.E.:  Decreased  “hunger”  but  in- 
creased food  intake  resulting  from 
hypothalamic  lesions.  Science,  112: 
256-259,  1950. 

19.  Moskowitz,  H.R.:  The  sweetness  and 

pleasantness  of  sugar.  Am.  J.  Psych. 
84:  387-405,  1971. 

20.  Mrosovsky,  N.:  Hibernation  and  the 

hypothalamus.  New  York,  Appleton- 
Century-Crofts,  1971. 

21.  Nisbett,  R.E.:  Taste,  deprivation  and 

weight  determinants  of  eating  be- 
havior./.  Pers.  Soc.  Psychol.  10:107- 
116,  1968. 

22.  Nisbett,  R.E.:  Eating  behavior  and  obe- 

sity in  men  and  animals.  Adv.  Psycho. 
Med.  7:175-190,  1972. 

23.  Nisbett,  R.E.:  Hunger,  obesity  and  the 

ventromedial  hypothalamus.  Psych. 
Rev.,  79:433-453,  1972. 

24.  Nisbett,  R.E.  and  Gurwitz,  S.B.:  Weight, 

sex,  and  the  eating  behavior  of 
human  newborns.  J.  Comp.  Physiol. 
Psych.  72:245-253,  1970. 

25.  Price,  J.M.  and  Grinker,  J.:  Effects  of 

degree  of  obesity,  food  deprivation 
and  palatability  on  eating  behavior  of 
humans.  J.  Comp.  Physiol.  Psych.  85: 
265-271,  1973. 

26.  Rodin,  J.:  Effects  of  distraction  on  the 

performance  of  obese  and  normal 
subjects.  J.  Comp.  Physiol.  Psych.  83: 
68-75,  1973. 

27.  Rodin,  J.:  Causes  and  consequences  of 

time  perception  differences  in  over- 
weight and  normal  weight  people./. 
Pers.  Soc.  Psych.  31:  898-904,  1975. 

28.  Rodin,  J.:  The  effects  of  obesity  and  set 

point  on  taste  responsiveness  and  in- 
gestion in  humans.  J.  Comp.  Physiol. 


Psych.  89:  1003-1009,  1975. 

29.  Rodin,  J.,  Herman,  C.P.,  and  Schachter, 

S.:  Obesity  and  various  tests  of  exter- 
nal sensitivity.  In  S.  Schachter  and  J. 
Rodin  (Eds).  Obese  humans  and  rats. 
Washington,  Erlbaum/ Wiley,  1974. 

30.  Rodin,  J.  and  Slochower,  J.:  Eat  chance 

for  a favor:  Obese-normal  differ- 
ences in  compliance  and  incidental 
learning.  ].  Pers.  Soc.  Psych.  29:557- 
565,  1974. 

31.  Rodin,  J.  and  Slochower,  J.:  Externality 

in  the  nonobese:  Effects  of  environ- 
mental responsiveness  on  weight.  J. 
Pers.  Soc.  Phych.  33:338-344,  1976. 

32.  Rodin,  J.  and  Singer,  J.E.:  Eye  shift, 

thought  and  obesity./.  Pers.,  in  press. 

33.  Rytand,  D.A.:  Hereditary  obesity  of  yel- 

low mice:  A method  for  the  study  of 
obesity.  Proc.  Soc.  Exper.  Bio.  Med. 
54:340-341,  1943. 

34.  Schachter,  S.  and  Rodin,  J.:  Obese  humans 

and  rats.  Washington,  Erlbaum/Wiley, 
1974. 

35.  Sclafani,  A.,  Belluzzi,  J.D.,  and  Grossman, 

S.P.:  Effects  of  lesions  in  the 

hypothalamus  and  amygdala  on 
feeding  behavior  in  the  rat./.  Comp. 
Physiol.  Psych.  72:394-403,  1970. 

36.  Sclafani,  A.,  and  Grossman,  S.P.:  Hyper- 

phagia  produced  by  knife  cuts  be- 
tween the  medial  and  the  lateral 
hypothalamus  in  the  rat.  Physiol.  Be- 
hav. 4:533-537,  1969. 

37.  Spiegel,  T.:  Caloric  regulation  of  food 

intake  in  man./.  Comp.  Physiol.  Psych. 
84:24-37,  1973. 

38.  Teitelbaum,  P.:  Sensory  control  of 

hypothalamic  hyperphagia.  /.  Comp. 
Physiol.  Psych.  48:156-163,  1955. 

39.  Walicke,  B.  C.,  Jordan,  H.A.,  and  Stellar, 

E.:  Preloading  and  the  regulation  of 
food  intake  in  man./.  Comp.  Physiol. 
Psych.  68:327-333,  1969. 

40.  Wooley,  S.C.:  Physiologic  versus  cogni- 

tive factors  in  short-term  food  regula- 
tion in  the  obese  and  non-obese. 
Psycho.  Med.  34:62-68,  1972. 

41.  Wooley,  O.W.,  Wooley,  S.C.,  and 

Dunham,  K.B.:  Can  calories  be  per- 
ceived and  do  they  affect  hunger  in 
obese  and  non-obese  humans.  /. 
Comp.  Physiol.  Psych.  80,  250-258, 
1972. 


308 


Taste  and  Development 


42.  Young,  P.T.:  Palatability:  The  hedonic 
response  to  foodstuffs.  In  Code,  C.F. 
(Ed.)  Handbook  of  Physiology,  Section  6, 


Alimentary  Canal.  Washington,  D.C. 
American  Physiological  Society, 
1967,  pp.  353-366. 


DISCUSSION 


Pfaffmann:  With  regard  to  the  milk 
shake  study,  what  would  you  think  of 
the  interpretation  that  instead  of  the 
enhancement  of  the  experience  with 
the  taste  solution  in  the  overweight, 
there  is  a reduction  of  the  mouth  sati- 
ety effectiveness  in  reducing  appetite? 

Rodin:  That  is  quite  possible. 

Cabanac’s  work  indicates  that  the 
high  hedonic  ratings  which  over- 
weight subjects  give  to  oral  sucrose 
solutions  do  not  drop  after  an  oral 
glucose  load  while  they  show  a dra- 
matic decrease  in  normals.  This 
suggests  that,  in  the  obese,  taste  for 
sweet  is  not  affected  by  short-term  sati- 
ety cues. 

Le  Magnen:  Cabanac  made  some 
experiments  showing  that  subjects 
after  a weight  loss  by  food  deprivation, 
behave  as  obese  subjects  simply  be- 
cause they  were,  as  obese,  hungry. 
Relative  palatabilities  of  food  items  are 
modified  by  hunger. 

Rodin;  Although  Cabanac  ^ shows 
that  for  the  few  normal  subjects  he 
tested,  weight  loss  was  related  to  a 


' Cabanac,  M.:  Phy.siological  role  of  pleasure.  Science 
173:1 103-1  107,  1971. 

^Cabanac,  M.  and  Duclaux,  R.:  Obesity:  Absence  of 
satiety  aversion  to  sucrose.  Science  168:496-497,  1970. 

* Cabanac,  M.,  Minaire,  Y.,  and  Adair,  E.:  Influence  of 
internal  factors  on  the  pleasantness  of  gustative  sweet 
sensation.  Communications  in  Behavioral  Biology,  Part  A, 
1:77-82,  1968. 


likelihood  to  respond  more  like  obese 
subjects,  neither  we  ^ nor  Grinker  (this 
volume)  have  found  these  results. 
Weight  loss  in  many  overweight  and 
some  normal  weight  subjects  did  not 
lead  to  increased  responsiveness  in 
sweet  taste. 

Le  Magnen;  It  is  the  matter  of  de- 
gree. Obese,  even  at  their  maximum 
overweight,  are  still  presumably  below 
their  set  point  and,  therefore,  in  a situ- 
ation comparable  to  a normal  subject 
after  a forced  weight  loss. 

Rodin:  I am  not  certain  that  we  can 
assume  that  an  obese  person  is  below 
his  set  point.  In  general,  degree  of 
overweight  seems  a faulty  metric  for 
nearness  to  set  point  and  as  the  data  I 
have  presented  demonstrate  using 
weight  stability  as  a measure  of  set 
point,  shows  no  taste  responsiveness 
differences  between  subjects  at  or 
below  set  point.  Hunger  and  depriva- 
tion certainly  must  influence  respon- 
siveness to  sweet  taste  but  one’s  degree 
of  overweight  may  not  be  the  crucial 
intervening  factor. 


'*  Rodin,  J.:  The  relationship  between  external  respon- 
siveness and  the  development  and  maintenance  of  obe- 
sity. In  Novin,  D.,  Wyrwicka,  W.  and  Bray,  G.A.  (Eds.). 
Hunger:  Basic  Mechanisms  and  Clinical  Implicatiom.  New 
York,  Raven  Press,  1976. 


Chapter  22 


EFFECTS  OF  METABOLIC  STATE  ON  TASTE 
PARAMETERS  AND  INTAKE: 
COMPARISONS  OF  HUMAN  AND  ANIMAL 

OBESITY 


Joel  A.  Grinker 


During  the  last  few  years  we  have 
investigated  the  role  of  taste  factors  in 
human  and  animal  obesityd^’^®  We 
asked  four  specific  questions:  Does 
the  degree  of  obesity  correlate  with 
detection  thresholds  or  preferences 
for  sweet  tastes?  Do  taste  preferences 
change  in  response  to  short-term  food 
deprivation?  Does  the  degree  of  obe- 
sity influence  taste  preferences  follow- 
ing short-term  food  deprivation?  Fi- 
nally, what  is  the  most  appropriate 
animal  model  for  studying  the  eating 


behavior  and  taste  response  of  obese 
humans?  We  compared  taste  re- 
sponses in  adult  humans  and  children 
of  normal  weight  with  responses  in 
adults  and  children  of  varying  de- 
grees of  obesity.  We  examined  three 
models  of  obesity  in  the  rat:  experi- 
mentally produced  obesity  following 
lesions  of  the  ventromedial  hypo- 
thalamus, experimentally  produced 
obesity  following  over-nutrition  in  the 
preweaning  period,  and  genetic  obe- 
sity in  the  Zucker  rat. 


OBESITY  AND  “HEIGHTENED”  TASTE  RESPONSIVENESS  IN  RATS 


Normal  weight  animals  are  suscep- 
tible to  manipulations  in  the  palatabil- 
ity  of  their  diet.  Thus,  Sprague 
Dawley  rats  will  drink  sweetened  water 
in  preference  to  plain  water  and  may 
even  become  obese  on  exotic  garbage 
or  supermarket  diets. In  the  obese 
state  “overeating”  of  highly  palatable 
diets  often  occurs.  Over-indulgence  in 
“sweets”  has  even  been  singled  out  as 
a cause  of  human  obesity.^® 

VMH  Obesity 

The  major  evidence  for  an  associa- 


tion between  taste  responses  and 
metabolic  state  has  come  from  studies 
of  animals  made  obese  by  lesions 
of  the  ventromedial  hypothalamus 
(VMH).  These  animals  show  an  in- 
creased intake  of  good  tasting  (high 
fat  or  high  carbohydrate)  diets  and 
decreased  intake  of  less  palatable 
diets  (e.g.  adulterated  with  quinine). 
They  may  fail  to  exhibit  hyper- 
phagia  and  weight  gain  on  less 
palatable  diets  and  may  lose  weight  if 
the  palatability  of  the  diet  is  further 
decreased. 

The  role  of  taste  or  sensory  factors 


309 


310 


Taste  and  Development 


in  hyperphagia,  and  the  impaired 
food  motivation  of  the  VMH  animal 
has  been  questioned.  As  early  as  1962, 
Graff  and  Stellar  “ concluded  that 
obesity  was  not  a necessary  condition 
for  the  finickiness  associated  with 
hypothalamic  lesions.  It  is  now  known 
that  both  the  hyperphagia  and  the 
impaired  food  motivation  of  the 
VMH  animal  can  be  reduced  or 
eliminated  by  pretraining  or  reduc- 
tion in  body  weight. Several  in- 
vestigators have  reported  that  the 
hyper-reactivity  to  taste  stimuli  can  be 
reduced  by  pre-operative  training  or 
by  separating  the  taste  stimuli  from 
the  animal’s  diet.^’^®’^^’^^ 

To  explore  the  relation  of  taste  to 
VMH  obesity  we  made  electrolytic 
lesions  in  the  ventromedial  hypo- 
thalamus of  male  Sprague  Dawley 
rats  and  compared  their  responses 
to  sucrose  solutions  to  that  of  sham 
operated  controls  under  a variety  of 
feeding  conditions. Using  a brief 
exposure  technique  that  reduces  the 
effects  of  post-ingestional  factors  (see 
ref.  6)  we  recorded  responses  to 
non-dietary  sweet  solutions  in  both 
one  and  two  bottle  paradigms.  Table 
22-1  describes  the  experimental  pro- 


cedures and  animal  characteristics. 
One  set  of  controls  and  VMH  animals 
fed  lab  chow  ad  libitum  was  considered 
the  static  group.  Another  set  of  con- 
trols, restricted  to  75%  of  baseline  in- 
take and  VMH  lesioned  animals  re- 
stricted to  pre-operative  intake  levels 
(approximately  75%)  was  considered 
the  dynamic  group.  Hyperphagia  and 
rapid  weight  gain  occur  immediately 
following  VMH  lesioning.  The  static 
phase  is  achieved  when  a plateau  in 
body  weight  occurs  and  the  hyper- 
phagia is  reduced  or  eliminated  (see 
ref.  3).  By  restricting  the  animal’s 
food  intake,  the  dynamic  phase  can  be  i 
extended  indefinitely. 

In  the  one  bottle  paradigm,  animals  I 
deprived  of  liquids  U/2  hours  before 
testing  were  given  access  to  solutions 
(.5,  1,  4,  8 and  32%  wt./vol.)  (.015, 
.029,  .117,  .234  and  .934M)  of  sucrose 
for  30  minutes.  This  brief  deprivation 
was  sufficient  to  insure  adaptation  to 
the  experimental  procedures  without 
producing  fluid  deprivation  and  con- 
sequent flattening  of  the  preference 
function  (see  ref.  7).  The  drinking  of 
VMH  animals  did  not  differ  from  that  [, 
of  their  ad  lib  fed  controls.  Under 
75%  food  restriction,  however,  the  30  j 

I 
k 


TABLE  22-1 
STUDIES  OE 

FOOD  INTAKE  AND  OBESITY  IN  RATS 


Food  Intake 


Number 

Sex 

Age 

Weight 

(grams) 

Static  phase  of  weight  gain  in 
Sprague  Dawleys: 

VMH  Lesioned 

8 

M 

6 mo. 

641.87 

37.15 

Shani-Operated 

8 

M 

6 mo. 

516.93 

25.27 

Dynamic  phase  of  weight  gain 
in  Sprague  Dawleys: 

VMH  Lesioned 

7 

M 

5 mo. 

456.53 

27.91 

Sham-Operated 

7 

M 

5 mo. 

454.39 

21.52 

fieneiic  Obesity 

Zucker  Latlies  fa/fa 

5 

M 

5 mo. 

680.76 

41.09 

Zucker  Leans  Fa/ 

6 

M 

5 mo. 

451.50 

28.50 
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minute  intakes  of  the  VMH  animals 
for  all  solutions  decreased  markedly 
(Anova:  Static-Dynamic/VMH-Sham 

F=21.2787,  p<.005)  (See  Figure 

22-1) 

In  two  bottle  paradigms,  sucrose 
solutions  of  differing  concentrations 
were  presented  simultaneously  for  30 
minutes.  For  each  pairing,  all  animals 
preferred  the  more  concentrated  sol- 
ution and  there  were  no  differences 


in  the  preference  responses  of  static 
VMH  and  their  sham-operated  con- 
trols. The  dynamic  VMH  animals, 
however,  showed  a reduction  in  in- 
take for  the  most  concentrated  solu- 
tion and  an  increase  in  intake  of  the 
least  concentrated.  (Anova:  Dynamic- 
Static/ VMH-Sham  F=4.275,  p<.005) 
(See  Figure  22-2) 

In  both  one  and  two  bottle 
paradigms  static  VMH  animals  and 


Sucrose  concentration 
(%  wt/vol ) 

Figure  22-1.  Mean  ± (SEM)  intake  of  sucrose  solutions  as  a function  of  con- 
centration by  ventromedial  hypothalamic  lesioned  (VML)  and  sham-operated 
Sprague  Dawley  rats  under  ad  lib  (static)  or  food-restricted  (dynamic)  mainte- 
nance conditions.  Solutions  were  presented  in  a single  bottle  paradigm  for  30 
minutes. 
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Sucrose  concentration  (%wt/vol) 

Figure  22-2.  Mean  percent  preference  for  sucrose  concentrations  by  ventro- 
medial hypothalamic  lesioned  (VML)  and  sham-operated  Sprague  Dawley  rats 
maintained  on  ad  lib  (static)  or  food-restricted  (dynamic)  diets.  Pairs  of  sucrose 
solutions  were  presented  for  30  minutes. 


sham  operated  controls  had  equiva- 
lent intakes  of  sucrose  solution.  When 
food  intake  was  restricted  to  pre- 
operative levels,  however,  the  sucrose 
drinking  of  VMH  animals  decreased. 
The  results  are  contrary  to  earlier 
hypotheses  that  hyper-responsiveness 
to  sweet  solutions  is  present  in  both 
the  dynamic  and  static  VMH  ani- 
mals.^ One  major  difference  in  the 
present  experiments  and  others  is 
that  we  measured  the  consumption  of 
sweet  solutions  rather  than  the  con- 
sumption of  the  animal’s  diet.  The 


findings  of  hyper-responsiveness  to 
good  tastes  would  seem  dependent 
not  only  on  the  presence  of  obesity 
and  the  lack  of  food  deprivation,  but 
also  on  the  method  of  presentation  of 
test  stimuli. 

Genetic  obesity 

Unlike  animals  that  become  obese 
after  VMH  lesions,  genetically  obese 
Zucker  rats  appropriately  adjust  food 
intake  for  calories  when  confronted 
with  high  fixed  ratio  schedules,  caloric 
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dilution  or  quinine  adulteration.®’ 
Differences  between  these  two  animal 
models  of  obesity  are  not  only  be- 
havioral but  also  metabolic  (see  ref. 
15,  49).  The  increased  adiposity  of  the 
VMH  animal  is  accomplished  solely 
j through  an  increase  in  adipose  cell 
I size  without  an  increase  in  cell 
i number. In  contrast,  genetically 
obese  Zucker  rats  have  increases  in 
both  adipose  cell  number  and  size.^^ 
We  studied  the  taste  responses  of 
the  genetically  obese  Zucker  rat  (fa/fa) 
using  experimental  procedures  simi- 
lar to  those  reported  above. Table 
I 22-1  outlines  relevant  animal  charac- 
teristics and  procedures.  In  the  one 
bottle  paradigm  obese  Zucker  rats 
showed  no  difference  in  sucrose  solu- 
tion drinking  compared  to  their  lean 
i littermates  (see  Figure  22-3).  When 
j given  a choice  between  two  sweet  solu- 
tions, the  obese  Zucker  rats  showed 
a less  pronounced  preference  than 
their  lean  littermates  (Anova:  fat- 
lean/sol  F = 5.1497,  p<  .01)  (see  Fig- 
ure 22-4)  Again,  obesity  did  not 
potentiate  or  heighten  taste  respon- 
siveness. These  experiments  suggest 
that  obesity  is  uncorrelated  and  inde- 
pendent of  taste  responsiveness. 

Experimental  obesity  produced  by 
over-nutrition 

I The  taste  responses  of  heavy  and 
light  male  and  female  Sprague  Daw- 
leys  from  small  and  large  litters  were 
compared  at  seven  weeks  of  age 
I (Johnson,  Greenwood  and  Cruce, 
unpublished  data).  All  animals  show- 
ed a preference  for  0.25%  saccharine 
I over  3%  glucose,  with  heavy  female 
I animals  showing  a greater  preference 
j for  saccharine  than  light  females  in 
both  the  ad  lib  and  the  food  restricted 


conditions.  These  differences  in  taste 
responses  may  reflect  differences  in 
metabolic  state.  Knittle  and  Hirsch 
have  reported  that  over-nutrition 
during  the  pre-weaning  period  (ani- 
mals raised  from  birth  to  weaning  in 
small  litters)  produces  significant  in- 
creases in  weight  and  adipose  cell  size 
and  number  compared  to  under- 


E 


c 

o 

<u 


24  r 


n = 5 

Lean  (Fa) 
n = 6 

J I I 

2 4 32 


Sucrose  concentration 
(%  wt/vol) 


Figure  22-3.  Mean.  ± (SEM)  intake  of  sucrose 
solutions  as  a function  of  concentration  by 
Zucker  obese  (fa/fa)  and  non-obese  (Fa/-) 
rats  during  a 30  minute  access  to  a single 
concentration. 
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nutrition  during  the  pre-weaning 
period  (animals  raised  in  large  litters) 
and  that  these  differences  persist  into 
adult  life.  The  present  experiment 
suggests  that  early  rearing  experience 
can  produce  persistent  changes  in  be- 
havior as  well  as  in  body  size  and 
adipose  cellularity.  The  results  are 


dramatic  for  the  females  but  the 
males  fail  to  show  a differential  taste 
responsiveness  as  a function  of 
weight.  Thus,  another  factor  (sex) 
would  seem  to  modulate  any  link  be- 
tween obesity  or  degree  of  overweight 
and  taste  responsiveness. 


ARE  OBESE  HUMANS  LIKE  OBESE  RATS? 


Responsivity  to  feeding  cues 

In  studies  of  human  obesity  it  is 
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Figure  22-4.  Mean  percent  preference  for 
.sucrose  concentrations  by  Zucker  obese  and 
non-obese  rats.  Pairs  of  sucro.se  solutions 
were  presented  for  30  minutes. 


difficult  to  distinguish  causation  from 
correlation  since  the  behavioral  and 
metabolic  pathology  found  in  the 
obese  reflect  the  combined  effects  of 
genetic  predisposition,  cultural  influ- 
ences and  other  environmental  fac- 
tors. However,  relative  overeating  by 
moderately  obese  subjects  when  food 
is  freely  available  and  attractive  cou- 
pled with  relative  undereating  by 
these  subjects  when  food  is  unattrac- 
tive or  effort  is  required 
has  led  Schachter  to  a provocative 
hypothesis.  He  suggests  that  the  ele- 
vated food  intake  in  obese  relative  to 
normal  weight  humans  results  from 
their  greater  responsiveness  to  exter- 
nal cues  (such  as  sight,  smell  and  time 
of  day)  and  lesser  responsiveness  to 
“internal”  physiological  cues.  But,  in 
our  studies,  manipulating  the  degree 
of  hunger  failed  to  produce  the  cor- 
responding variation  in  amount  of  in- 
gestion that  this  hypothesis  implies 
should  characterize  the  response  of 
normal  weight  subjects.  Instead  both 
obese  and  normal  weight  subjects 
were  unresponsive  to  satiety  signals 
and  consumed  equivalent  amounts 
under  conditions  of  deprivation  or 
non-deprivation.  Specifically,  there 
was  no  difference  between  the 
number  of  crackers  eaten  before  and 
after  lunch  for  either  obese  or  normal 
weight  subjects  participating  in  what 
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they  were  told  was  a study  of  sensory 
and  taste  qualities  of  different  va- 
rieties of  crackers. The  covertly  re- 
corded data  are  presented  in  Figure 
22-5.  The  subject  characteristics  are 
given  in  Table  22-11,  Experiment  A. 

A more  serious  challenge  to  hy- 
potheses linking  obesity  to  respon- 
siveness to  external  cues  is  the  finding 
that  the  eating  behavior  of  all  subjects 
(including  normal  weight  subjects) 
can  be  controlled  by  external  or  cog- 
nitive cues.^^’ 

Since  the  testing  situation  may  have 
quite  different  meanings  for  obese 
and  normal  weight  subjects  it  is  un- 
clear to  what  degree  any  excessive  re- 
liance on  external  or  sensory  cues  by 
the  obese,  even  in  a covert  experi- 
ment, can  be  interpreted  as  a causal 
factor  in  obesity.  The  reported  exter- 
nality of  the  obese  may  be  a deliberate 
shift  to  reliance  on  external  cues 
rather  than  an  inability  to  sense  in- 
ternal cues  or  a denial  of  their 
importance. 
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Figure  22-5.  Mean  number  ± (SEM)  of 
crackers  eaten  during  taste  testing  by  obese 
and  normal  weight  subjects  as  a function  of  a 
sandwich  pre-load  (before  and  after  lunch). 


Stunkard  and  Koch  correlated 
gastric  motility  and  self  reported 
hunger  in  obese  and  normal  weight 
subjects.  Gastric  motility  was  continu- 
ously recorded  over  a four  hour 
period  following  an  overnight  fast. 
Every  15  minutes  subjects  reported 
their  hunger.  Using  a signal  detection 
analysis,  it  was  possible  to  separate 
sensitivity  or  the  ability  to  detect 
motility  from  criterion  or  willingness 
to  report  hunger.  Both  obese  and 
normal  weight  subjects  reported  feel- 
ing hungry  only  38%  of  the  time 
when  no  contractions  were  present. 
However,  normal  weight  subjects 
double  their  reports  of  hunger  during 
the  presence  of  contractions  whereas 
obese  subjects  failed  to  increase  their 
reports.  This  denial  of  internal  cues 
(here  gastric  contractions)  by  the 
obese  can  be  clearly  separated  from 
their  perception  of  these  cues. 

The  above  experiments  may  pro- 
vide an  alternative  explanation  for  the 
reported  hyperresponsivity  of  obese 
individuals  to  external  cues.  In  the 
presence  of  severe  hunger,  obese  sub- 
jects may  well  be  utilizing  a strategy  to 
keep  themselves  in  control  and  avoid 
the  temptation  to  overeat.  Under 
conditions  of  high  food  deprivation 
obese  subjects  may  deny  or  ignore 
food  stimuli.  This  alternative  explana- 
tion explains  the  puzzling  observation 
that  normal  weight  subjects  increase 
their  grocery  purchases  as  a function 
of  hours  of  food  deprivation  while 
obese  subjects  actually  decrease  their 
purchases  with  increasing  hours  of 
deprivation.^^ 

Intake  measurement  and  taste 
response 

In  our  efforts  to  circumvent  the  so- 


TABLE  22-11 

SUBJECT  CHARACTERISTICS 
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dal  and  cognitive  expectations  that 
the  obese  bring  to  an  eating  situation, 
we  have  examined  taste  responses  in 
several  animal  models  of  obesity. 
Next,  we  examined  taste  parameters 
independent  of  food  intake  in  obese 
and  normal  weight  adults  and  chil- 
dren using  appropriate  psychophysi- 
cal procedures. Using  a 
criterion-free  signal  detection  proce- 
dure we  found  no  differences  in  the 
ability  to  detect  low  concentrations  of 
sucrose  between  obese  and  normal 
weight  subjects.  The  weight,  age  and 
sex  characteristics  of  the  test  popula- 
tion is  given  in  Table  22-11,  Exp.  B. 
We  next  manipulated  the  perception 
of  sweetness  by  the  addition  of  a red 
“cherry”  color.  With  a magnitude  es- 
timation procedure,  all  subjects  rated 
suprathreshold  solutions  of  sucrose 
colored  red  more  sweet  than  colorless 
solutions  of  the  same  concentration. 
Thus  they  demonstrate  equivalent  re- 
sponsivity  to  an  external  cue.  We  did, 
however,  obtain  marked  differences 
in  taste  preference.  Normal  weight 
subjects  preferred  the  concentration 
of  medium  strength  (a  pattern  similar 
to  that  reported  by  Pfaffmann 
whereas  the  preferences  of  obese  sub- 
jects were  an  inverse  function  of  con- 
centration; the  more  concentrated  the 
solution,  the  less  it  was  preferred  (see 
Table  22-11,  Exp.  C). 

Sweet  aversion  in  obese  humans 

The  differences  between  obese  and 
normal  weight  subjects  in  taste  pref- 
erences were  found  to  be  specific  to 
the  sweet  taste. Both  obese  and 
normal  weight  subjects  showed  pro- 
nounced aversions  for  NaCl  which 
were  similar  to  the  aversion  pattern 
reported  by  Pfaffmann.^®  The  find- 


ings of  a sucrose  aversion  would  ap- 
pear to  be  independent  of  experimen- 
tal procedures  or  psychophysical 
methodology,  since  we  have  obtained 
similar  results  with  hedonic  ratings 
and  paired  comparison  procedures 
(See  Figures  22-6  and  7).  Degree  of 
obesity  was  correlated  with  sucrose 
aversion;  moderately  overweight  sub- 
jects disliked  the  sweet  solutions  less 
than  extremely  obese  subjects.  The 
sucrose  aversion  function  of  the  obese 
was  responsive  to  manipulations 
which  affect  palatability  such  as  tem- 
perature; a lower  temperature  de- 
creasing the  rated  aversiveness,  a 
higher  temperature  increasing  the 
rated  aversiveness. 

The  question  of  validity  is  more 


Concentration  (%  weight /volume) 

Figure  22-6.  Sucrose  preferences  of  ex- 
tremely obese,  moderately  obese  and  normal 
weight  subjects  using  the  Paired  Comparisons 
procedure.  Percent  preference  reflects  the 
number  of  times  a solution  was  chosen  over 
all  other  solutions. 


318 


Taste  and  Development 


like 


dislike 


Sucrose  1.95  3.42  6.16  10.95  19.51 

Concentration  (%  weight /volunne) 

Figure  22-7.  Hedonic  ratings  of  sucrose  solu- 
tions as  a function  of  concentration  by  ex- 
tremely obese,  moderately  obese  and  normal 
weight  subjects.  Single  concentrations  of  su- 
crose were  presented  in  random  order.  Sub- 
jects tasted  each  solution  without  swallowing, 
rinsed  with  distilled  water  and  indicated  their 
liking. 

complex.  Animal  preferences  are 
based  on  measures  of  actual  intake.  In 
humans,  measures  of  preference  are 
based  on  the  assumption  that  hedonic 
ratings  or  other  verbal  responses  ac- 
curately reflect  the  intake  of  foods. 
One  solution  to  the  problem  is  to 
measure  directly  the  ingestion  of  dif- 
ferent sucrose  solutions  by  obese  and 
normal  weight  subjects  and  to  corre- 
late intake  with  preference  ratings. 
We  told  subjects  that  we  were  in- 
terested in  the  thirst  quenching  prop- 
erties of  various  solutions  and  asked 
them  to  refrain  from  drinking  any 
liquid  for  two  hours  before  testing. 
Subjects  then  received  1 of  5 possible 
sucro.se  concentrations  to  drink  and 


rate  at  each  test  session.  Consumption 
was  highly  correlated  with  taste  pref- 
erences not  only  for  normal  weight, 
but  also  for  moderately  overweight 
and  severely  obese  subjects  (see  Fig- 
ures 22-8  and  9). 

How  well  do  such  measures  ob- 
tained with  sucrose  solutions  correlate 
with  preference  for  actual  foods? 
Aside  from  anecdotal  statements,  we 
have  no  data  on  our  obese  subjects’ 
actual  food  choices;  subjects  reported 
overeating  foods  such  as  meat,  salads 
and  bread  but  little  interest  in  sweets. 
Other  experimenters  have  con- 
fronted the  same  issue.  Moskowitz 
using  magnitude  estimation  tech- 
niques and  category  scaling  examined 
the  intensity  and  pleasantness  of  vari- 
ous sucrose  concentrations  as  well  as 


Figure  22-8.  Hedonic  ratings  of  sucrose  solutions 
as  a function  of  concentration  by  extremely  obese, 
moderately  obese  and  normal  weight  subjects  after 
consumption.  Subjects  consumed  as  much  as  they 
desired  of  a single  sucrose  concentration  for  10 
minutes  and  then  indicated  their  liking. 
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Sucrose  H^O  1.95  3.42  6.16  10.95  19.51 

Concentration  (%  wt/vol)  I0°C 

Figure  22-9.  Amount  consumed  ± (SEM)  of 
sucrose  solutions  as  a function  of  concentra- 
tion by  extremely  obese,  moderately  obese 
and  normal  weight  subjects.  Subjects  con- 
sumed as  much  or  as  little  as  they  desired  of  a 
single  sucrose  concentration.  Order  of  con- 
centration was  randomized  over  days. 

foods  varying  in  sweetness  in  normal 
weight  subjects.  Sucrose  preferences 
were  significantly  correlated  with 
preferences  for  samples  of  solid  foods 
of  varying  sweetness.  These  results 
strongly  suggest  that  sucrose  prefer- 
ences measured  by  magnitude  estima- 
tion or  category  scaling  do  generalize 
to  sample  foods  and  by  inference,  to 
actual  food  intake. 

The  finding  of  an  aversion  to  su- 
crose solutions  in  the  obese  is  contrary 
to  the  popular  belief  that  the  obese 
have  a “sweet  tooth.”  We  find  this  su- 


crose aversion  consistently.  Since  this 
is  the  only  taste  parameter  which  is 
predictably  different  in  the  obese  and 
since  it  is  correlated  with  the  degree 
of  obesity  one  might  ask  whether  the 
ontogeny  of  the  sweet  aversion  and 
the  ontogeny  of  the  obesity  are  re- 
lated. Accordingly,  we  examined  the 
sweet  preferences  of  obese  and  nor- 
mal weight  children. 

Taste  preferences  in  children 

Taste  preferences  for  varying  con- 
centrations of  sucrose  (1.95  to  19.5%) 
(.057 — .570M)  in  normal  weight  and 
obese  children  ages  8-10  were  mea- 
sured by  the  method  of  paired  com- 
parisons.^ Normal  weight  and  moder- 
ately overweight  children  were  stu- 
dents in  a Civics  Class  in  San  Diego. 
Obese  children  were  selected  from 
those  referred  to  the  Mount  Sinai 
Pediatric  Clinic  for  treatment  of  obe- 
sity and  were  seen  on  their  initial  visit 
to  the  Clinic.  Table  22-11,  exp.  F out- 
lines subjects’  characteristics.  The 
taste  responses  of  the  obese  children 
were  strikingly  similar  to  those  of 
obese  adults:  the  more  concentrated 
the  solution  the  less  frequently  it  was 
preferred.  The  normal  and  moder- 
ately overweight  children  responded 
more  like  normal  weight  adults 
preferring  the  most  concentrated 
solutions.  No  sex  differences  were 
found  (Anova:  Wt  groups/solutions 
F=6.2493,  p<.005).  (see  Figure 

22-10) 


TASTE  PREFERENCE  AND  METABOLIC  STATE 

Adults  cently  several  investigators  using 

Early  psychophysical  studies  had  signal  detection  procedures  separated 
reported  that  hunger  produced  a detectability  or  sucrose  threshold 
lowered  threshold  for  sucrose. Re-  from  criterion  or  response  bias.  They 


320 


Taste  and  Development 


Figure  22-10.  Sucrose  preferences  by  ex- 
tremely obese,  moderately  obese  and  normal 
weight  children  ages  8-10  using  the  Paired 
Comparisons  Procedure.  Percent  preference 
reflects  the  number  of  times  a solution  was 
chosen  over  all  other  solutions. 

concluded  that  subjects  were  more 
willing  to  report  tasting  sucrose  prior 


to  a meal  than  after.  Other  inves- 
tigators have  reported  differences  in 
preference  as  a function  of  metabolic 
state. 

The  most  recent  attempts  to  corre- 
late taste  preference  and  metabolic 
state  stem  from  the  work  of  Cabanac.^ 
Normal  weight  human  subjects  ex- 
perience sweet  solutions  as  unpleasant 
when  tasted  after  a glucose  load.^ 
These  results  are  interpreted  as  a con- 
sequence of  changes  in  internal  state. 
Along  with  H.  Jordan,  I attempted  to 
replicate  these  phenomena  in  normal 
weight  subjects, but  was  hampered 
by  substantial  inter-  and  intra-subject 
variability  (see  the  discussion  by 
Stellar  in  this  volume).  Although  the 
phenomenon  of  reduced  pleasantness 
is  present  in  normal  weight  subjects 
following  a glucose  load,  only  half  the 
subjects  actually  showed  the  reduction 
in  taste  pleasantness  (see  Figure  22- 
11).  When  subjects  were  retested 
(either  three  days  or  three  months 
later)  no  consistent  response  patterns 
emerged.  Approximately  half  the  sub- 
jects of  each  type  (those  initially  show- 
ing the  reduced  pleasantness  or  not 
showing  the  reduced  pleasantness) 
switched  their  response.  The  distribu- 
tion of  consistent  and  inconsistent 
subjects  is  given  in  Table  22-111,  the 
subject  characteristics  in  Table  22-11, 
exp.  E. 


EFFECTS  OF  LONG-TERM  DEPRIVATION  (WEIGHT  REDUCTION)  ON 

TASTE  PARAMETERS 


Data  on  the  effects  of  weight  reduc- 
tion on  taste  preferences  for  sucrose 
concentrations  (1.95% — 19.5%)  (.057 
— .570M)  were  obtained  from  adult 
subjects  who  were  either  undergoing 
long-term  hospitalization  for  weight 
reduction  or  losing  weight  as  out- 


patients (Table  22-11,  exp.  D).  The  nine 
subjects  in  one  hospitalized  group 
were  on  liquid  diets  high  in  carbohy- 
drate or  fat  during  the  maintenance 
periods  preceding  and  following 
weight  reduction.  Not  only  did  the 
two  diets  fail  to  produce  significant 


Hedonic  ratings 


Metabolic  State,  Taste  and  Intake 


321 


Sucrose  concentrations  (%  by  weight) 

Figure  22-11.  Mean  hedonic  ratings  of  sucrose  solutions  as  a function  of  con- 
centration by  normal  weight  subjects  before  and  after  oral  glucose  loads.  Group 
data  (n  = 14)  are  shown  above.  Individual  data  from  two  subjects  are  shown  below; 
one  subject  shows  a reduction  in  pleasantness  following  a glucose  load,  while  one 
subject  does  not. 
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RELIABILITY  OE  THE  EEEECT  OE  GLUCOSE  INGESTION  UPON 
SWEET  PREEERENCE  JUDGEMENTS  AT  72  HOURS  RETEST  OR  3 MONTH  RETEST 


at  test 

Status  of  effect 

at  retest 

Test  to  retest  interval 
72  hour  3 month 

Combined  sample 

Consistent  subjects 

present 

present 

3 

0 

3 

absent 

absent 

4 

5 

9 

7 

5 

12 

Inconsistent  subjects 


present 

absent 

4 

3 

7 

absent 

present 

2 

1 

3 

6 

4 

10 

Note:  The  effect  is  initially  present  in  almost  half  of  the  samples,  present  in  10  and  absent  in  12  subjects. 


+ 4 r 


+ 3 - 


+ 2 - 
+ I - 


differences  in  taste  preferences  but 
weight  reduction  itself  was  without 
significant  effect  (see  Figure  22-12). 
Outpatients  and  patients  hospitalized 
for  brief  periods  similarly  failed  to 
change  their  taste  responses  following 
weight  reduction. 


I I I I I 

,1.95  3.42  6,16  10.95  19,51 

Sucrose  concentration  (%wt/vol) 
room  temperature 


Figure  22-12.  Mean  hedonic  rating.s  of  su- 
cro.se  .solutions  as  a f unction  of  concentration 
by  Id  extremely  obese  subjects  before  and 
after  weight  leduction.  Subjects  were  tested 
on  isfKaloiic  diets  before  and  after  long-term 
in  hospital  weight  leduction. 


Children 

Short-term  changes  in  childrens’ 
metabolic  state  consistently  fail  to  af- 
fect their  taste  responses.  Normal 
weight  children  did  not  show  any  dif- 
ferences in  the  percent  preference  for 
sucrose  solutions  (1.9  to  19.5%)  when 
tested  before  and  after  lunch.  Obese 
adolescents  tested  before  and  after 
dinner  also  did  not  change  the  rated 
attractiveness  or  percent  preference 
for  sweetened  Koolaid  solutions  (0.5, 
1.5,  2 X recommended  sweetness). 
Long-term  changes  like  weight  reduc- 
tic3n,  however,  produced  a significant 
effect  in  obese  adolescents  as  the 
rated  attractiveness  of  Koolaid  solu- 
tions rose  following  weight  reduc- 
tion.^^ See  Figure  22-13  and  Table 
22-11,  Experiment  G. 
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In  humans,  the  degree  of  obesity  is 
unrelated  to  sucrose  detection  thres- 
lolds,  but  is  correlated  with  an  aver- 
ion  to  sweet  tastes.  In  rats,  single  or 
wo  bottle  presentations  of  sweet  solu- 
ions  distinct  from  the  diet  do  not 
?licit  hyperresponsiveness  or  in- 
:reased  intake  in  the  VMH  animal.  In 
:ontrast,  the  genetically  obese  rat  does 
lisplay  a reduced  preference  for 
weet  solutions  compared  to  its  lean 


X Recommended  sweetness 

’igure  22-13.  Mean  hedonic  ratings  of 
Coolaid  solutions  (0,  .5,  1,  1.5,  2 x recom- 
nended  sweetness)  by  obese  adolescents  be- 
bre  and  after  a meal  and  prior  to  and  after 
veight  reduction.  Sweetness  'was  varied 
hrough  the  addition  of  0,  12,  24,  36,  or  48  ml 
)f  Sucaryl  per  gallon  of  spring  water  respec- 
ively.  Subjects  were  attending  a summer 
:amp  for  weight  reduction. 


littermate.  The  cellularity  pattern, 
normal  glycemic  response,  and  be- 
havioral response  to  effort  or  diet 
adulterants  of  the  genetically  obese 
Zucker  rat,  make  it  an  appropriate 
model  for  human  obesity.  The  simi- 
larity between  the  taste  responses  of 
this  animal  and  the  obese  human  pro- 
vides additional  support  for  the  use- 
fulness of  this  model. 

The  popular  myth  that  obesity  is 
created  by  an  over  indulgence  in 
“sweets”  or  carbohydrates  persists  al- 
though there  are  few  direct  observa- 
tions or  questionnaire  studies  compar- 
ing the  food  preferences  and  intakes 
of  obese  and  normal  weight  subjects. 
In  one  study,  no  differences  were 
found  between  obese  and  normal 
weight  subjects  at  a county  fair  in 
their  preferences  for  desserts  of  vary- 
ing sucrose  concentrations.^^  The  self 
reports  by  obese  teenagers  showed  a 
lower  consumption  of  bread,  sweets 
and  sugar  than  those  of  normal 
weight  children. Similar  hndings  of 
reported  lower  carbohydrate  intake 
have  been  obtained  from  obese 
adults.^^  Since  self  reports  are  open  to 
errors  of  denial  or  underestimation, 
other  techniques  for  assessing  food 
intake  are  needed.  The  lack  of  sig- 
nihcant  differences  in  fatty  acids  of 
adipose  tissue  between  obese  and 
normal  weight  subjects  provides  evi- 
dence that  obese  individuals  eat  the 
same  proportion  of  fats,  carbohy- 
drates and  protein  as  normal  weight 
subjects  do.^'^ 

Our  findings  of  decreased  liking  for 
sweet  solutions  by  both  obese  children 
and  obese  rats,  have  strengthened  the 
view  that  the  sucrose  taste  aversion 
seen  in  obese  adults  is  a meaningful 
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phenomenon.  Preliminary  data 
suggest  that  this  sucrose  aversion  can 
be  elicited  as  early  as  three  years  of 
age.  What  are  the  implications  for  our 
understanding  of  obesity  that  fat  chil- 
dren, fat  adults  and  fat  rats  do  not 
especially  like  sweets? 

Although  diet  palatability  may  be  a 
factor  in  overeating,  we  would  con- 
clude that  it  is  not  a major  factor  in 
the  etiology  or  maintenance  of  the 
obese  state.  Since  children  who  are 
obese  at  an  early  age  show  hypercellu- 
larity  as  well  as  hypertrophy  of  their 
adipose  depots,  it  is  interesting  that 
the  taste  differences  occur  so  early.  It 
may  be  that  early  dietary  intake  has  an 
important  role  in  both  the  ultimate 
adipose  tissue  cellularity  and  the  aver- 
sion to  sucrose  of  obese  children,  ado- 
lescents and  adults.  At  present,  we 
have  no  data  that  suggest  that  adults 
who  become  obese  late  in  life  show 
differences  in  taste  preferences  from 
those  who  become  obese  early  in  life. 
Additionally,  we  do  not  know  the  ef- 
fects of  early  nutritional  treatments 
on  taste  preferences  in  humans.  We 
have  preliminary  evidence  that  sug- 
gests that  a highly  palatable  diet  (Bor- 
den’s sweetened  condensed  milk)  re- 
duces the  intake  of  sucrose  solutions 
in  the  genetically  obese  Zucker  rat 
and  not  in  its  lean  littermate.  We  also 


have  data  that  suggest  that  early 
overnutrition  (decreased  litter  size) 
significantly  alters  taste  preference  in 
females,  but  not  in  male  rats. 

The  question  of  whether  short  or 
long-term  food  deprivation  or  restric- 
tion produces  reliable  differences  in 
taste  preferences  remains  unan- 
swered. Our  experimental  results 
suggest  that  only  by  employing 
trained  and  experienced  subjects  can 
the  significant  inter-  and  intra-subject 
variability  be  reduced.  Human 
psychophysical  experiments  often  use 
trained  observers.  It  may  prove  dif- 
ficult, however,  to  integrate  the  need 
for  experienced  subjects  with  any  I 
covert  experimental  manipulations. 
Perhaps,  rigid  monitoring  of  the  sub- 
jects’ food  intake  prior  to  testing  may  ' 
reduce  variability. 

Weight  reduction  may  reduce  or 
eliminate  the  obese  human’s  sucrose  | 
taste  aversion.  If  these  preliminary 
findings  are  substantiated,  the  study 
of  taste  preferences  will  have  a direct  ] 
usefulness  for  the  study  of  obesity. 
We  are  beginning  to  study  taste  pref-  ; 
erences  in  infants  and  children  at  I 
high  risk  for  obesity.  I think  that  the  | 
essential  questions  are  not  what  over-  j 
weight  individuals  eat,  but  why  they  | 
eat  more,  and  how  measures  of  taste  - 
preference  relate  to  food  intake. 
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DISCUSSION 


Jerome:  I have  a very  basic  ques- 
tion; how  are  the  moderately  obese 
and  the  extreme  obese  defined? 

Grinker:  In  the  Rockefeller  Hospi- 
tal, we  typically  see  extremely  obese 
individuals  who  are  referred  for 
treatment.  They  range  in  percent 
overweight  (based  on  the  Metropoli- 
tan Life  Insurance  tables)  from  50  to 
200%  overweight,  with  a mean  of  ap- 
proximately 100%  (See  Table  22-11). 
Moderately  overweight  individuals 
are  arbitrarily  defined  as  being  from 
25  to  50%  overweight. 

Jerome:  Does  this  mean  that  an- 
thropometric measurements  are  lim- 
ited to  weight  determinations  and  that 
skinfold  measurements  are  not  done? 

Grinker:  We  determine  total  body 
water  by  tritiated  water  dilution  and 
thus  obtain  lean  body  mass  and  total 
body  fat.  We  therefore  have  a more 
reliable  measure  than  skinfold  meas- 
ures. 

Moskowitz:  I think,  if  I remember 
correctly,  you  may  have  a very  impor- 
tant result  in  the  preference  judg- 
ments for  the  reduced  obese.  There  is 
a reestablishment  of  the  normal  pref- 
erence function  for  normal  weight, 
previously  obese  people. 

The  “interpretation”  problem 
shows  up  in  a monotonic  decrease 
(the  misinterpretation  via  confusion 
of  intensity  and  hedonics)  and  then 
you  have  a peak.  The  peak  is  a little 
lower.  You  still  have  a peak,  rather 
j than  a monotonic  decrease. 

But  that  is  not  the  important  thing. 
There  is  a breakpoint.  There  is  a con- 


centration which  they  seem  to  like 
more  than  either  lower  or  higher  con- 
centrations. It  may  not  be  statistically 
significant,  but  there  is  a breakpoint 
which  was  not  there  prior  to  the  re- 
duction. The  exact  location  of  the 
point  is  open  to  experimental  investi- 
gation. 

Stellar:  We  find  this  in  our  nor- 
mal weight  subjects  in  that  kind  of 
experiment. 

Moskowitz:  I imagine,  too,  that 
were  you  to  use  something  like 
glucose  instead  of  sucrose,  the 
breakpoint  would  be  a lot  more 
exaggerated. 

Sucrose  typically  gives  a very 
smooth  curve,  which  goes  up  and 
then  smoothly  goes  down;  whereas 
glucose  goes  sharply  up  and  sharply 
down. 

Grinker:  It  is  possible  that  our 
obese  subjects  were  unable  to  separate 
judgements  of  intensity  from  judge- 
ments of  pleasantness.  This  would 
explain  the  monotonic  function  that 
we  got — as  intensity  increased,  aver- 
sion increased.  The  slight  peak  that 
we  get  following  weight  reduction 
may  occur  because  subjects  no  longer 
identify  sweetness  with  calories  and 
judge  both  as  undesirable.  Or  the 
change  may  reflect  real  metabolic  dif- 
ferences which  occur  when  large 
changes  in  body  weight  or  diet  are 
made.  We  think  that  this  breakpoint 
may  be  there  based  on  our  data 
from  obese  adolescents  after  weight 
reduction. 

Engen:  Is  it  likely  that  obese  people 
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deliberately  assign  lower  sweetness 
ratings  because  they  do  not  want  to  be 
known  as  hedonists? 

Grinker:  This  was  a major  con- 
cern; whether  or  not  we  could  believe 
our  results,  whether  the  sucrose  aver- 
sion was  a meaningful  phenomenon. 
Subjects  may  have  equated  calories 
with  sweetness  and  either  denied  any 
existing  preference,  or  they  may  as 
Moskowitz  suggests,  have  misinter- 
preted the  task.  This  was  a primary 
reason  for  looking  at  the  actual  con- 
sumption of  these  sucrose  solutions 
and  for  looking  at  taste  preferences  in 
obese  animals.  Now,  as  I outlined  very 
briefly,  we  are  looking  at  taste  param- 
eters in  children. 

Engen:  Do  you  tend  to  get  more 
consistent  results  with  animals? 

Grinker:  Our  human  results  are 
consistent,  if  you  mean  replicable. 
The  question  is  what  they  mean.  Our 
animal  results  are  also  consistent  and 
certainly  tend  to  support  our  findings. 
We  are  not  getting  the  kind  of  in- 
creased intake  in  obese  animals  to 
make  us  question  our  human  find- 
ings. We  have  now  tested  almost  100 
obese  humans  and  the  sucrose  aver- 
sion is  clearly  the  predominant  re- 
sponse pattern. 

Thompson:  Dr.  Grinker’s  data  indi- 
cating a difference  between  over- 
weight and  normal  weight  subjects  in 
the  hedonic  ratings  they  assign  to 
supra  threshold  concentrations  of 
sucrose  are  intriguing.  It  may  be  help- 
ful to  examine  more  closely  inter- 
individual differences  within  each 
weight  group  to  see  if  the  pattern  of 
hedonic  ratings  correlates  with  age  of 
onset  or  degree  of  obesity. 

My  data  suggest  that  there  are  at 
least  two  different  types  of  hedonic 
responses  to  increases  in  sucrose  con- 


centration. Magnitude  estimations  of 
the  intensity  and  pleasantness  of  su- 
crose concentrations  ranging  from  60 
to  2000  mM  were  made  by  16  normal 
and  24  overweight  subjects  after  an 
overnight  fast.  There  were  13  females 
and  3 males  in  the  normal  weight 
group  and  17  females  and  7 males  in 
the  overweight  group.  Sixteen  sub- 
jects were  15%  to  50%  and  8 subjects 
were  50%  to  149%  above  ideal  body 
weight  based  upon  the  Metropolitan 
Life  Insurance  Tables. 

All  but  one  of  the  16  normal  weight 
subjects  and  14  out  of  24  overweight 
subjects  gave  their  highest  ratings  of 
pleasantness  to  sucrose  concentra- 
tions below  700  mM  (Type  I re- 
sponse). The  rest  of  the  subjects  rated 
concentrations  of  sucrose  greater 
than  700  mM  as  being  most  pleasant 
(Type  II  response).  While  there  was 
no  difference  in  age  or  sex  between 
overweight  subjects  giving  Type  I and 
Type  II  responses.  Type  II  responses 
were  given  by  50%  of  the  moderately 
obese  subjects  but  only  25%  of  the 
markedly  overweight  subjects.  The 
reason  for  this  difference  is  not  read- 
ily apparent  nor  is  it  clear  why  one 
normal  weight  subject  gave  a Type  II 
response. 

Stellar:  Dean,  are  you  asking 
them,  in  this  situation,  just  to  taste 
and  rate  pleasantness  or  are  they 
under  the  threat  of  having  to  ingest 
what  they  taste? 

Thompson:  They  simply  taste  the 
solution  and  expectorate. 

Stellar:  I think  it  makes  a great 
deal  of  difference,  whether  the  sub- 
ject has  to  face  the  consequence  of 
ingesting  what  he  tastes.  When  he 
rates  it,  especially  after  he  has  in- 
gested it,  he  may  rate  something  that 
your  subjects  rated  pleasant,  as  un- 
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pleasant  for  complex  post  ingestional, 
rather  than  taste,  reasons. 

Thompson:  Your  comment  serves 
as  an  introduction  to  a second  part  of 
the  experiment.  The  effect  of  food 
ingestion  on  the  type  of  hedonic  re- 
sponse was  tested  by  giving  the  sub- 
jects a 200  calorie  Nutri-1000  liquid 
diet  30  to  60  minutes  before  the  taste 
test.  The  meal  produced  no  change  in 
the  pleasantness  function  for  normal 
weight  or  for  overweight  subjects  that 
gave  Type  I responses  prior  to  eating. 
However,  those  obese  subjects  that 
gave  Type  II  responses  in  the  fasted 
state  now  found  somewhat  lower  con- 
centrations of  sucrose  to  be  the  most 
pleasant.  However,  the  inverted 
U-shaped  curve  generated  when  their 
magnitude  estimates  of  pleasantness 
I are  plotted  as  a function  of  sucrose 
I concentration  still  has  its  peak  at  a 
higher  concentration  than  that  ob- 
served for  other  subjects.  Essentially 
the  same  results  are  obtained  when 
the  magnitude  estimates  of  pleasant- 
ness are  plotted  as  a function  of  mag- 
nitude estimates  of  intensity  rather 
than  as  a function  of  sucrose 
concentration. 

In  conclusion,  body  state  (hungry 
versus  sated)  affects  the  pleasantness 
judgements  of  overweight  subjects 
that  make  Type  II  responses  in  the 
fasting  state  but  not  of  overweight 
subject  that  respond  in  the  manner 
characteristic  of  normal  weight  sub- 
jects. There  are  some,  as  yet, 
unexplained  differences  in  the  fre- 
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quency  of  Type  I and  Type  II  re- 
sponses among  moderately  and 
markedly  obese  subjects.  If  these  find- 
ings can  be  replicated,  their  signifi- 
cance in  relation  to  body  weight  regu- 
lation and  caloric  balance  should  be 
assessed  in  long  term  follow-up  (on- 
togenic  study)  of  adult  as  well  as 
juvenile  subjects  for  whom  correlative 
weight  histories  are  available.  One 
might  also  look  for  changes  in  taste 
responses  in  the  circumstance  of 
weight  loss  or  hormonal  and 
metabolic  variation. 

Le  Magnen:  Have  you  examined 
and  differentiated  responses  in 
juvenile  onset  and  maturity  onset 
obesities? 

Thompson:  The  age  range  in  these 
studies  was  from  18  to  60.  We  have 
not  looked  specifically  at  juvenile 
onset  obesity. 

Grinker:  Our  subjects  were  of  both 
juvenile  and  adult  onset.  We  did  not 
get  any  differences  in  sucrose  detec- 
tion or  preference  between  juvenile 
and  adult  onset  obese.  There  is  a pos- 
sibility that  age  at  onset  could  differ- 
entiate taste  responses  since  there  is  a 
tendency  for  the  more  overweight  in- 
dividuals to  be  of  juvenile  onset  and 
there  is  a difference  in  taste  prefer- 
ences between  the  moderately  over- 
weight and  the  extremely  obese.  Ad- 
ditionally, there  is  a correlation  be- 
tween sucrose  aversion  and  cellular- 
ity;  the  greater  the  cell  number  the 
greater  the  aversion. 
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NUTRIENT  FACTORS  AS  DETERMINANTS  OF 

SUCROSE  INGESTION 


George  Collier  and  Edward  Hirsch 


The  caged,  sedentary  white  rat,  de- 
prived of  spouse,  home,  family,  and 
frequently  of  food  or  water,  has 
served  as  the  model  for  most  studies 
of  ingestion.  The  sugar  intake  of  such 
a nullity  has  been  used  to  study  taste 
receptors,  preference,  palatability, 
hedonics,  and  reinforcement.  Tradi- 
tionally, the  rat  has  been  viewed  as  a 
detector  or  measuring  instrument 
rather  than  as  an  intact  organism 
shaped  by  evolution  to  solve  the  prob- 
lems of  survival  in  a capricious  envi- 
ronment. In  the  present  chapter  we 
speculate  about  the  types  of  nutri- 
tional problems  which  the  rat,  a 
prototypic  omnivore,  would  face  in 
his  natural  environment  under  less 
contrived  circumstances.  More  impor- 
tantly, we  use  the  ecological  perspec- 
tive of  these  speculations  to  interpret 
data  on  sucrose  taste  and  intake  gen- 
erated within  the  conventional 
framework. 

The  omnivore’s  food  does  not  come 
prepackaged  in  a nutritionally  bal- 
anced form.  It  varies  both  in  caloric 
density  and  in  nutritional  quality  and 
composition.  Yet  the  rat  must  select  a 
diet  that  is  both  adequate  and  bal- 


anced from  these  diverse  foods 
sources.  He  must  compensate  for  the 
deficiencies  or  excesses  of  preceding 
meal(s)  over  relatively  short  periods 
of  time.  Since  omnivores  must  detect 
and  eat  food  that  varies  widely  in  nu- 
tritional composition  while  maintain- 
ing appropriate  levels  of  energy  in- 
take and  a nutritionally  balanced  diet, 
they  should  be  “experts”  in  both  die- 
tary self-selection  and  caloric  adjust- 
ment. The  omnivore’s  task  contrasts 
sharply  with  that  of  either  the  carni- 
vore or  herbivore.  The  herbivore  is 
usually  surrounded  by  easily  available 
foods  of  low  nutritional  quality  that 
are  processed  to  meet  his  energetic 
and  nutritional  needs  by  means  of  his 
complex  digestive  system.  The  carni- 
vore, on  the  other  hand,  exploits 
foods  of  low  availability  but  of  high 
nutritional  quality.  Both  groups  con- 
front foods  that  are  relatively  constant 
in  caloric  density  and,  therefore,  they 
can  use  bulk  to  gauge  calories. 

In  contrast  to  his  laboratory  com- 
patriot, our  freely  wandering, 
hypothetical  rat  faces  a world  that  is 
not  as  benevolent  as  that  arranged  by 
the  typical  researcher.  Food  must  be 
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sought  or  procured,  an  obviously 
more  energetic  process  than  bending 
ij  over  a food  cup  and  ingesting  a “bal- 
il  anced”  diet.  It  seems  likely  that  under 
all  but  the  most  idyllic  circumstances, 

1 food-gathering  accounts  for  a sub- 
|j  stantial  portion  of  the  rat’s  energy 
1 budget.  Information  on  this  cost  is 
j lacking,  but  its  existence  inspires  the 
conjecture  that  the  optimal  strategy 
for  our  hypothetical  rat  would  entail 
anticipating  needs  rather  than  re- 
sponding to  them.  In  this  manner, 
j deprivation  or,  even  worse,  depletion, 
j with  their  attendant  uncertainties, 
would  be  precluded.  This  strategy 
I would  ensure  an  adequate  supply  of 
i energy  for  the  long  and  sometimes 
fruitless  search  for  sustenance.  The 
density  of  prey  or  vegetation  and  its 
availability  in  time  and  space  should 
i be  major  influences  on  feeding  pat- 
' terns.  The  character  of  the  ecological 
niche  the  animal  is  exploiting  may  be 
a more  important  determinant  of 
feeding  patterns  than  the  physiology 
of  the  animal.  Unfortunately,  or 
perhaps  fortunately  for  these  specula- 


tions, there  are  very  few  data  from  the 
field  or  laboratory  on  the  freely  feed- 
ing animal  of  the  character  that  would 
reflect  on  these  issues.  Some  data 
exists  supporting  this  conjecture  for 
carnivores  ’ loai, 18,19,31  herbi- 

vores ^ but  none  for  omnivores.  In 
this  chapter,  we  examine  older  labora- 
tory data,  gathered  originally  for 
other  purposes,  for  insights  into 
the  mechanisms  that  have  evolved  to 
solve  nutritional  problems  in  the 
freely  feeding  omnivore  under  field 
conditions. 

Our  omnivorous  rat’s  sugar  con- 
sumption is  viewed  within  the 
framework  of  his  attempt  to  select  a 
diet  that  is  not  only  balanced  but  also 
supplies  the  appropriate  number  of 
calories.  Sucrose,  a pure  and  highly 
palatable  carbohydrate,  supplies  one 
of  the  basic  dietary  components.  Its 
consumption  cannot  be  divorced 
from  the  intake  of  other  dietary  items. 
We  will  look  first  at  sugar  consump- 
tion in  relation  to  body  weight  regula- 
tion and  then  from  the  perspective  of 
dietary  balance. 


BODY- WEIGHT  REGULATION 


The  now  classic  papers  of  Adolph  ^ 
and  Mayer  revealed  that  the  rat  is 
capable  of  regulating  body  weight 
under  a wide  variety  of  circumstances. 
Intake  is  adjusted  to  expenditure  fol- 
lowing extended  bouts  of  exercise 
exposure  to  the  cold  or  caloric  di- 
lution.^ such  results  have  been  repli- 
cated by  many  researchers  and  are  the 
backbone  of  most  theories  of  the  con- 
trol of  food  intake.  One  widely  held 
intuitive  hypothesis  is  that  growth  rate 
j and/or  final  weight  should  be 
i influenced  by  dietary  palatability. 
I The  asymptotic  body  weights  should 


be  higher  on  more  palatable  diets. 
But  with  the  exception  of 
data  collected  from  brain-damaged 
animals  7,33,34  ^h^j-e  is  little  evidence 
that  intake  or  weight  is  influenced  by 
dietary  palatability  in  the  long  term. 
Thus,  we  ask  whether  providing  the 
rat  with  access  to  sugar  along  with  his 
usual  fare  will  affect  his  body  weight. 
One  problem  with  experiments  at- 
tempting to  answer  this  question  of 
the  effect  of  dietary  variables  on  the 
regulation  of  energy  balance  has  been 
the  failure  to  evaluate  the  results 
against  a reference  body  weight  ob- 
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tained  on  reference  diet  under  stand- 
ard conditions  of  temperature,  cage 
size,  exercise,  level  of  disease,  season, 
etc.  Figures  23-1  and  2 present  the 
results  of  two  experiments.  The  rats 
were  provided  ad  lib  access  to  a drink- 
ing tube  containing  sucrose  solution, 
another  tube  containing  water,  and  a 
cup  of  Purina  chow.  In  the  second 
experiment  consummatory  effort  was 
varied  by  means  of  the  number  of 
licks  required  to  obtain  a given  vol- 
ume of  fluid.  The  top  two  panels  of 


Figure  23-1.  Intake  parameters  of  sucrose 
ingestion  as  a function  of  sucrose  concentra- 
tion. 


each  figure  show  that  total  caloric  in- 
take and  body  weight  level  do  not  dif- 
fer across  groups.  There  is  a trend,  | 
however,  for  those  rats  offered  the  ^ 
most  concentrated  sugar  solution  to  | 
be  heavier.  This  trend  might  have  at-  | 
tained  significance  if  the  experiment  , 
had  been  longer  than  40  days.^®*  The  ' 
point  of  interest,  with  this  small 
caveat,  is  that  rats  regulate  body  ' 
weight  within  narrow  limits  when  of-  j 
fered  a highly  palatable  supplement 
to  their  normal  diet.  j 


Figure  23-2.  Intake  parameters  of  sucrose  | 
ingestion  as  a function  of  sucrose  concentra-  j 
tion.  ' 


* Hirsch,  E.  Pi  iorilies  and  compromises  in  the  defense 
ofhody  weight.  Symposium  paper  presented  at  the  46th 
annual  meeting  of  tlie  Eastern  Psychological  Association, 
New  York,  April  3,  197.5. 
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Our  hypothetical  omnivore  does 
not  have  access  to  the  “optimum”  diet 
constructed  by  nutritional  experts 
working  for  rat  food  suppliers.  He 
picks  and  chooses  among  a wide  vari- 
ety of  items  differing  in  taste,  texture, 
and  many  nutritional  aspects.  A long 
series  of  selection  experiments  has 
demonstrated  the  rat’s  capacity  to 
select  among  such  an  array  of  items  to 
produce  a diet  which  will  provide  for 
normal  growth  and  maintenance  of 
body  weight.  Most  doubts  about  this 
capacity  have  arisen  in  experiments 
using  purihed  components.’^ 

Rather  than  asking  the  rat  what 
items  he  will  choose,  one  may  ask 
which  he  prefers.  The  so-called  pref- 
erence experiments  that  stem  from 
the  latter  question  most  often  look  at 
the  relative  intakes  of  a single  item 
varying  in  concentration.  To  consider 
only  one  component  at  a time,  how- 
ever, is  misleading.  In  fact,  one  must 
consider  the  total  food  economy  of  an 
animal  in  order  to  understand  the  in- 
take of  any  single  component. 

Sugar  intake 

In  the  prototypical  experiment  on 
animal  taste  preference  the  rat  is  of- 
fered one  of  a number  of  sugar  solu- 
tions that  differ  in  concentration. 
Typically,  volume  drunk  is  the  index 
of  preference.^®  The  results  of  one 
such  experiment  are  shown  in  the  bot- 
tom panels  of  Figures  23-1  and  2.  Su- 
crose is  available  for  a 24-hr  time 
period.  Peak  intake  of  solution  occurs 
at  the  8%  concentration.  But  is  this 
the  “most-preferred”  solution?  Is  vol- 
ume drunk  the  most  appropriate 
measurement  for  conferring  the  title 


of  “most  preferred”?  Several  lines  of 
evidence  suggest  that  volume  ingested 
reflects  the  influence  of  controlling 
processes  other  than  preference  per 
se.  McCleary,^^  in  his  now  classic 
paper,  suggests  that  at  least  two  fac- 
tors, taste  and  postingestive  conse- 
quences, must  be  considered  in  ac- 
counting for  the  intake  of  sapid  solu- 
tions (see  also  Stellar®^).  The  multi- 
factor approach  advocated  by 
Adolph  ^ and  McCleary  suggests 
two  alternative  analyses  of  the  preced- 
ing “preference”  experiment.  Sucrose 
intake  can  be  examined  in  relation  to 
the  intake  of  the  maintenance  diet 
(Purina  chow)  and  of  water.  The 
middle  panels  of  Figures  23-1  and  2 
show  that  solute  consumed  is  an  in- 
creasing function  of  concentration  up 
to  32%.  Food  intake  falls  as  solute  in- 
take increases.  The  total  caloric  intake 
and  body  weight  remain  relatively 
constant  across  concentrations.  If  sol- 
ute intake  is  taken  as  the  measure  of 
preference,  the  32%  solution  would 
gain  the  title  of  “most  preferred.” 

An  examination  of  the  proportion 
of  the  total  caloric  intake  obtained 
from  the  sugar  solutions  at  each  con- 
centration suggests  that  none  of  the 
solutions  are  the  “most  preferred.” 
Figure  23-3  shows  that  over  the  range 
of  concentrations  from  16%  to  64%, 
the  proportion  of  calories  from  sugar 
remains  constant  at  60%.  This  find- 
ing, which  has  been  verified  in  a 
number  of  subsequent  experiments 
under  a wide  variety  of  conditions, 
suggests  that  preference  experiments 
are  really  “dilution”  experiments. 
Adolph  ^ and  many  subsequent  re- 
searchers have  shown  that  when  a diet 
is  diluted  by  a non-nutritive  compo- 
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Figure  23-3.  Proportion  of  total  calories 
taken  from  sucrose. 


nent  such  as  celluflour  or  kaolin,  rats 
maintain  caloric  intake  through  a 
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tains  about  23%  protein  by  weight. 
Self-selection  studies  to  be  reported 
subsequently  show  that  this  is  high  rel- 
ative to  what  an  age-mate  rat  will 
freely  choose  if  offered  the  dietary 
components  separately. 

The  fact  the  Purina  chow  is  a “high” 
protein  diet  from  the  rat’s  point  of 
view  has  seldom  been  recognized  in 
nutrition  experiments.  This  level  of 
protein  may  influence  the  intake  of 
sucrose  solutions.  The  rat  is  simply 
trying  to  adjust  the  proportions  of 
carbohydrate  and  protein  in  his  diet. 
This  level  of  protein  in  commercial 
chow  is  in  response  to  the  fact  that 
protein,  in  spite  of  added  anti- 
oxidants, undergoes  oxidation  at 
room  temperature  when  exposed  to 
air.  High  initial  levels  thus  ensure 
adequate  levels  of  protein  in  an  “old” 
bag  of  chow. 

The  ideal  form  of  the  selection  ex- 


compensatory  increase  in  their  intake  periment  would  have  the  “significant” 
of  the  more  dilute  diets.  In  the  pres-  dietary  components  offered  in  pure 
ent  experiment,  one  separately  of-  form.  This  is  not  difficult  with  carbo- 
fered  component  of  the  diet  is  diluted  hydrates  or  fats,  but  protein  presents 
by  water.  The  rat  appears  to  compen-  a problem.  When  purified  proteins 
satorily  increase  his  intake  of  the  such  as  casein  or  Brackett  are  offered, 
more  dilute  offerings  in  such  a fash-  rats  tend  either  to  not  eat  them  at  all 
ion  that  the  total  intake  of  the  sugar  or  to  reduce  their  intake  and  fail  to 
component  remains  constant.  This  in-  show  normal  growth  or  maintenance 
terpretation  raises  two  questions:  (a)  of  body  weight.  There  are  many  pos- 
What  is  the  rat  regulating?;  and  (b)  sible  reasons  for  the  rat’s  aversion  to 
Why  does  the  rat  fail  to  maintain  sol-  purified  proteins,  but  there  are  few 
ute  intake  on  the  most  dilute  (4%  and  systematic  data.  It  seems  to  be  neces- 
8%)  solutions?  sary  to  present  the  protein  fraction 

Some  insight  into  what  it  is  the  rat  is  either  in  a form  (unpurified)  that  is 
regulating  can  be  gained  from  an  naturally  diluted  by  other  substances 
examination  of  the  intake  of  the  vari-  or  to  adulterate  the  purified  form  in 
ous  components.  The  sucrose  com-  order  to  obtain  standard  growth, 
ponent  of  the  diet  is  a pure  carbo-  When  offered  sucrose  solutions  and 
hydrate.  The  Purina  chow  component  Purina  chow,  the  rat  characteristically 
is  a mixture  of  carbohydrates,  fats,  reduces  his  protein  intake  to  approx- 
proteins,  minerals,  vitamins,  and  imately  10%,  a value  which  is  close  to 
non-nutritive  bulk.  Purina  chow  con-  the  value  a rat  at  his  age  will  take  in  an 
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experiment  in  which  a more  concen- 
trated protein  and  a carbohydrate  are 
offered  separately.  Thus,  we  would 
like  to  sugest  that  the  usual  single- 
bottle preference  study  is,  in  reality,  a 
self-selection  study  in  which  one  of 
the  diet  components  is  being  diluted. 
Optimum  total  caloric  intake  and  op- 
timum diet  composition  are  both  de- 
fended. 

The  failure  of  the  rat  to  consume 
sufficient  amounts  of  the  most  dilute 
sucrose  solutions  can  be  illuminated 
by  calculating  the  amount  of  solution 
at  these  values  the  rat  would  have  to 
consume  in  order  to  achieve  60%  of 
his  caloric  intake  from  sucrose.  These 
values  are  350  ml  for  the  4%  solution 
and  175  ml  for  the  8%  solution, 
amounts  simply  too  large  for  the  rat 
to  consume.  This  finding  is  consistent 
with  Adolph’s  ^ chow  dilution  exper- 
iments in  which  rats  were  unable  to 
compensate  completely  for  diets  more 
dilute  than  40-50%. 

The  preceding  analysis  indicates 
that  volume  consumed  does  not 


necessarily  reflect  preference.  Is 
choice  behavior  in  a two-bottle  situa- 
tion a better  index?  The  results  of  an 
experiment  in  which  animals  are  of- 
fered a pair  of  sucrose  solutions  are 
shown  in  Table  23-1.  The  solutions 
were  offered  on  an  ad  lib  basis,  24 
hr/day  for  6 days  at  each  pair.^  The 
rats  always  drink  more  of  the  most 
concentrated  solution  of  the  pair. 
When  the  concentrations  are  the 
same,  side  preferences  are  exhibited. 
Table  23-11  shows  the  proportion  of 
the  total  caloric  intake  taken  from  the 
two  solutions.  These  data  are  con- 
sistent with  those  obtained  from 
the  single-bottle  tests.  When  either 
member  of  the  pair  of  sucrose  solu- 
tions was  16%  or  greater,  the  animals 
take  approximately  60%  of  their  total 
caloric  intake  from  sucrose.  This 
shows  that  at  least  two  factors  are 
operating  simultaneously.  The  first 
factor  determines  choice  between 
concentrations,  and  the  second  factor 
the  total  amount  of  solute  consumed. 

These  experiments  establish  that 


TABLE  23-1 

VOLUMES  CONSUMED  FROM  PAIRS  OF  SUCROSE  SOLUTIONS 


Concentration 

4% 

8% 

16% 

32% 

4% 

42/45 

11/87 

16/71 

12/44 

8% 

35/52 

37/81 

22/48 

16% 

36/55 

22/36 

32% 

15/46 

Note.  Entries  show  volume  consumed  of  concentration  indicated  at  left  over  volume  of  concentration  indicated  at 
top  of  table. 


TABLE  23-11 

PROPORTION  OF  TOTAL  CALORIC  INTAKE  TAKEN  FROM  PAIRS  OF  SUCROSE 

SOLUTIONS 


Concentration 

4% 

5% 

16% 

32% 

4% 

.10 

.36 

.56 

.58 

8% 

.23 

.60 

.62 

16% 

.60 

.63 

32% 

.53 
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under  certain  conditions  rats  are  able 
to  control  both  caloric  intake  and  diet 
composition.  It  becomes  of  interest  to 
ask  how  this  control  varies  when  the 
character  of  the  dietary  components  is 
manipulated  or  when  the  energy  and 
protein  requirements  of  the  animal 
change  due  to  differing  environmen- 
tal conditions  or  age.  Unfortunately, 
it  is  not  possible  to  report  a systematic 
set  of  experiments,  but  some  indica- 
tions of  the  direction  of  the  results 
can  be  gathered  from  the  somewhat 
disjointed  series  of  experiments  we 
present. 

Palatability  and  dilution  of  the 
protein  and  carbohydrate 
components 

In  the  preceding  experiments,  in- 
creased intake  compensated  for  dilu- 
tion of  the  carbohydrate  component 


at  all  but  the  most  dilute  concentra- 
tions. Rozin  reports  similar  results 
for  the  dilution  of  the  protein  com- 
ponent, although  he  failed  to  find 
compensation  for  dilution  of  the 
carbohydrate  component  of  the  diet. 

Experiments  using  sugars  which 
differ  in  sweetness  show  compensa- 
tions similar  to  that  obtained  for  su- 
crose.®®’ Unfortunately,  most  inves- 
tigators who  have  used  other  sugars 
have  failed  to  record  the  concurrent 
food  intake,  so  that  the  influence  of 
the  kind  of  sugar  on  total  caloric  in- 
take and  the  proportions  of  protein 
and  carbohydrate  consumed  is  not 
known.  In  a series  of  experiments 
using  dextrinized  starch,  a relatively 
tasteless  powder,  as  the  source  of  car- 
bohydrate and  a soy  protein  as  the 
source  of  protein,  it  was  found  that 
young  rapidly  growing  rats  con- 
structed a diet  containing  16%  pro- 
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tein.  This  value  is  close  to  that  ob- 
tained for  sucrose/’®  and  suggests 
that  the  role  of  sweetness  in  selection 
may  be  relatively  minor. 

There  is,  however,  some  evidence 
that  dietary  balance  is  more  strictly 
defended  than  total  caloric  intake. 
Several  investigators  have  reported 
that  rats  fed  sugar  along  with  a com- 
plete commercial  chow  grew  faster 
than  rats  denied  the  sugar. Al- 
though there  is  a small  elevation  of 
caloric  intake,  the  proportion  of  pro- 
tein to  carbohydrate  consumed  is 
unaffected. 

Again,  there  are  few  systematic  ex- 
periments manipulating  different 
sources  of  protein.  One  such  experi- 
ment is  available.  Two  protein  sources 
were  used  in  a self-selection  experi- 
ment.® These  proteins  were  derived 
from  soybean  oil  meal  (SBOM).  One, 
Drackett  (ADM  Assay  Protein  C-1), 


was  a purified  SBOM  containing  81% 
protein,  and  the  other,  a standard 
SBOM  containing  46%  protein. 
These  two  proteins  were  mixed  with 
the  other  essential  dietary  compo- 
nents to  provide  a 23%  protein  diet. 
In  the  Drackett  group,  food  intake 
and  growth  are  depressed  relative  to 
the  normal  protein  group  even 
though  both  diets  contained  the  same 
percent  of  protein.  This  finding  has 
often  been  reported  for  casein  (See 
ref.  20).  When  the  protein  and  carbo- 
hydrate components  are  offered 
separately,  a similar  result  is  obtained; 
that  is,  there  is  a depression  of  the 
intake  in  the  Drackett  group  and 
poorer  growth.  However,  the  percent 
protein  consumed  by  both  the  regular 
SBOM  and  the  Drackett  groups  re- 
mained the  same,  16%  (see  Fig.  23-4). 
Thus,  when  the  protein  component  is 
not  palatable,  it  depresses  the  intake 
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of  both  components,  and  percentage 
protein  intake  is  defended.  A palata- 
bility  change  which  affects  the  intake 
of  either  component  will  result  in  an 
increase  or  decrease  in  intake  of  that 
component  with  a compensatory 
change  in  the  other,  conserving  the 
ratio  of  protein  to  carbohydrate. 

Age 

The  rat’s  protein  requirement  is 
markedly  influenced  by  age  and  is  at  a 
maximum  in  the  young,  rapidly  grow- 
ing animal. Using  the  well- 
documented  observation  that  food 
deprivation  potentiates  the  intake  of 
palatable  carbohydrate  solutions, 
an  attempt  was  made  to  induce  a 
distortion  of  the  protein/carbohydrate 
ratio.  Weanling  rats  were  offered 
food  for  5 hr/day  and  compared  with 
age-mates  having  ad  lib  access  to  food. 
Within  each  food  availability  condi- 


tion, one  group  of  animals  was  al- 
lowed access  to  a 32%  solution  of  su- 
crose in  addition  to  a balanced  diet.  It 
was  predicted  that  the  restricted  ani- 
mals would  over-eat  from  the  palata- 
ble carbohydrate  source  and  in  this 
manner  would  distort  the  protein/ 
carbohydrate  ratio  and  lower  the 
amount  of  protein  ingested.  Figure 
23-5  shows  that  under  these  condi- 
tions the  restricted  animals  tak«  a 
lower  rather  than  a higher  proportion 
of  their  calories  from  the  sucrose  solu- 
tion. They  select  a diet  that  is  appro- 
priate for  their  smaller  body  size.  For 
both  groups  of  animals,  the  percent 
protein  intake  declines  with  age  (see 
Fig.  23-6).  This  level  of  protein  intake 
is  substantially  lower  than  the  control 
level  (23%  Purina  chow)  but  is 
adequate  for  optimal  growth  (Fig. 
23-7). 


I 


I 
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Figure  23-7.  Body  weight. 


ENERGY  BALANCE 


Once  the  essential  requirements  for 
minerals,  vitamins,  and  fats  are  met, 
the  two  limiting  requirements  for 
growth  and  maintenance  are  protein 
and  energy.  The  sedentary  laboratory 
rat  raised  under  standard  conditions 
of  temperature,  ventilation,  and  light- 
ing reaches  maximum  growth  rates 
with  a diet  (chow)  of  16%  protein. 
The  question  can  be  asked  as  to  how 
the  rat  manages  to  meet  the  addi- 
tional energy  requirements  posed  by 
low  temperatures,  access  to  exercise, 
or  deprivation  of  the  normal  ration. 

Cold 

Rats  reared  at  2°C  increase  their 
food  intake  by  approximately  20%.^^ 
Even  so,  cold-reared  animals  grow 


less  well  than  animals  reared  at  room 
temperature.  Self-selecting  animals  in 
both  groups  grow  as  well  as  nonselect- 
ing animals.  In  the  selecting  animals, 
the  increase  in  food  intake  is  ac- 
complished by  increased  intake  of 
carbohydrate  while  protein  intake  is 
unchanged.  Thus,  a lower  percentage 
of  the  diet  is  protein  (Fig.  23-8). 
These  results  show  that  animals  (rats) 
allowed  a choice  will  meet  the  addi- 
tional energy  requirements  posed  by 
cold  by  increasing  their  carbohydrate 
intake.  While  the  physiology  of  this 
choice  has  not  been  explored,  it  seems 
likely  that  it  relates  to  the  relative  costs 
of  obtaining  energy  from  carbo- 
hydrate and  protein.  Amino  acids 
must  be  deaminated  before  they  can 
enter  the  energy  cycle.  It  is  interesting 
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Figure  23-8.  Daily  percentage  of  diet  as 
protein. 

that  these  differences  can  be  so  sensi- 
tively reflected  in  choice  behavior. 

Activity 

In  growing  animals,  access  to  run- 
ning wheels  yields  animals  with  body 
weights  approximately  12%  less  than 
that  of  inactive  controls.’'  The  intro- 
duction of  wheels  leads  to  a transitory 
reduction  in  food  intake  with  a return 
to  normal  intake  within  5 to  10  days.^ 
The  difference  in  size  is  reflected  in 
the  amount  of  adipose  tissue.  The 
lean  body  mass  does  not  differ. In 
the  selecting  rats  who  had  access  to 
activity  wheels,  there  was  a small  but 
significant  (2%)  reduction  in  the 
proportion  of  protein  consumed  and 
thus  an  increase  in  carbohydrate  in- 
take (see  Fig.  23-9).  This  result  again 
shows  that  animals  free  to  select  their 
own  diet  meet  different  energy  re- 
quirements by  changing  the  propor- 
tions of  carbohydrate  to  protein.  Fig- 
ure 23-10  shows  the  results  of  a 
somewhat  different  activity-selection 
experiment.*  Rats  are  offered  protein 

* Sunday,  S.  Dietaiy  self-selection  and  activity  levels  in 
the  developing  rat.  Paper  |jresented  at  the  46th  annual 
meeting  of  the  Kastern  Psychological  Association,  New 
York,  April  3,  1975. 


Figure  23-9.  Daily  percentage  of  diet  as  j 
protein. 

and  three  sources  of  energy:  dex- 
trinized  starch,  sucrose  and  corn  oil. 
There  is  an  active  (running  wheels), 
less  active  (double  cages),  and  inactive 
(regular  cages)  group.  It  can  be  seen 
that  the  proportion  of  the  total  caloric 
intake  from  some  of  the  dietary  items 
is  a function  of  activity.  Carbohydrate 
and  fat  are  affected  by  activity,  but 
protein  was  not.  The  most  striking  re- 
sult was  a shift  from  a preference  for 
dextrinized  starch  in  the  inactive  ani- 
mals to  a preference  for  sucrose  in  the 
active  animals.  The  shift  is  accom- 
panied by  a drop  in  fat  intake  in  the 
active  group.  This  result  is,  again,  a i 
strong  indicator  that  the  state  of  ;| 
energy  balance  has  an  important  || 
effect  on  self-selection  and  that  | 
one  cannot  evaluate  diet  selection 
without  considering  environmental 
conditions. 

j 

Deprivation  || 

What  is  the  effect  of  restricted  in- 
take on  the  selection  of  protein  and 
carbohydrate?  In  an  experiment  in  ^ 
which  total  ad  lib  caloric  intake  of  64  : 

calories  was  reduced  to  43  calories  j 
(resulting  in  a 10%  weight  loss),  the  I* 
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Figure  23-10.  Daily  percentage  of  diet  as  protein,  sucrose,  dextrinized  starch  and  fat. 


proportion  of  calories  taken  from 
sucrose  in  a limited  session  is  higher 
than  that  taken  when  food  and  su- 
crose are  given  ad  libf  Following  this 
lead,  Navarick*  offered  rats  food 
(Purina  chow)  on  a 1 hr/day  schedule. 
Animals  initially  lose  weight  on  this 
schedule.  When  sucrose  is  available, 
the  amount  of  sucrose  consumed  con- 
tinuously increases  as  a function  of 
weight  loss,  and  the  rats  eventually 
die.  Control  animals  offered  only 

* Navanck,  D.  J.  Effect  of  saccharin  and  sucrose  con- 
sumption on  adjustment  to  a food  deprivation  schedule. 
Unpublished  master’s  thesis,  Rutgers  University,  1969. 


Purina  chow  adapt  to  the  schedule 
over  time  and  eventually  recover  their 
normal  body  weight.  These  results 
are  replicated  by  Hamilton  and 
Sclafani  and  show  that  starvation- 
induced  increases  in  an  animal’s 
energy  requirements  leads  to  higher 
intake  of  carbohydrate  relative  to  pro- 
tein. In  the  wild  this  tactic  provides 
energy  for  searching  for  food  and  for 
the  maintenance  of  metabolism,  but 
in  the  laboratory,  it  is  fatal.  These  re- 
sults stand  in  sharp  contrast  to  the 
data  previously  described  in  which 
weanling  rats  were  limited  to  5-hr  ac- 
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cess  to  chow  and  sucrose.  When  5-hr 
access  is  allowed,  optimal  selection  oc- 
curs, but  with  only  a 1-hr  period  of 
access,  excess  carbohydrate  intake 
prevails.  This  may  be  the  result  of  the 
stronger  protein  requirement  in 
rapidly  growing  rats,  or  the  degree  of 
deprivation. 

Availability 

In  the  natural  feeding  situation 
where  an  animal  is  free  to  initiate  and 
terminate  a meal  independently  of 
the  experimental  design  of  the  re- 
searcher, the  effort  which  the  animal 
must  expend  to  get  a meal  becomes  an 
important  parameter  of  meal-taking. 
A series  of  papers  demonstrates 
that  as  availability  of  food  decreases, 
animals  adopt  the  tactic  of  reducing 
the  number  of  meals  they  initiate  and 
increasing  the  duration  of  each  meal. 
Total  intake  is  conserved. 

Again,  in  the  natural  feeding  situa- 
tion, it  seems  likely  that  the  items 
necessary  to  construct  a balanced  diet 
may  vary  in  their  availability,  present- 
ing the  omnivore  with  the  problem  of 
choosing  the  easily  available  item  and 
imbalancing  his  diet,  or  of  doing  the 
work  to  obtain  the  required  item  and 
maintaining  a balanced  diet.  This  en- 
vironment can  be  simulated  in  the 
laboratory  by  offering  sucrose  ad  lib 


and  requiring  rats  to  lever-press  on  | 
increasing  fixed-ratio  schedules  for  a 1 
balanced  diet  (Noyes  pellets).  Ad  lib  j 
rats,  like  those  that  perform  only  a 
single  bar  press  to  obtain  each  pellet,  | 
take  60%  of  their  caloric  intake  from  j 
sucrose.  As  the  size  of  the  ratio  in-  ; 
creases,  the  percent  of  calories  taken  \ 
from  sucrose  increases  and  the  \ 
amount  of  protein  obtained  from  the  | 
Purina  chow  decreases  gradually.  The  | 
amount  of  protein  taken  never  fell  1 
below  4—5%  of  the  diet.  The  rats  ex- 
pend up  to  40,000-50,000  responses 
per  day  (16  hr  of  bar-pressing)  in 
order  to  obtain  Noyes  pellets,  the 
protein-containing  fraction.  This  level 
of  protein  intake  is  sufficient  to  sus- 
tain weight  gain  in  these  older  ani- 
mals.* The  same  results  are  obtained 
when  Purina  chow  was  offered  ad  lib, 
but  the  animal  has  to  work  for  su- 
crose. Thus  rats  are  willing  to  per- 
form a large  amount  of  instrumental 
behavior  to  maintain  the  “preferred” 
ratio  of  protein  to  carbohydrate  in 
their  diet.f  It  should  be  pointed  out 
that  these  rats  are  not  deprived;  that 
is,  they  obtained  all  of  their  food  in 
the  situation  and  maintained  normal 
caloric  intake.  These  results  show  that 
the  maintenance  of  a balanced  diet 
has  powerful  motivating  effects.  Rats 
will  expend  large  amounts  of  effort  to 
obtain  a balanced  diet. 


IMPLICATIONS  FOR  CARBOHYDRATE  INTAKE 


It  is  clear  from  the  results  pre- 
sented in  this  chapter  that  the  intake 
of  carbohydrate,  or  more  specifically, 
sucrose,  cannot  be  viewed  outside  of 
the  framework  of  the  total  nutritional 
economy  of  the  animals  being 
studied.  Rather,  carbohydrate  intake 
must  be  viewed  in  the  context  of  the 


concurrent  intake  of  other  nutrients, 
the  composition  of  these  nutrients, 
the  relative  palatability  of  the  compo- 
nents, the  state  of  energy  balance,  and 
the  availability  of  items  of  diet. 
The  omnivorous  rat  has  evolved 

* Hirsch,  E.  Unpublished  data, 
t Collier,  G.  Unpublished  data. 
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mechanisms,  as  yet  little  understood, 
which  enable  him  under  control  cir- 
cumstances to  select  a nutritionally 
balanced  diet.  Excessive  or  dehcient 
intakes  must  result  from  aberrant 
environments  or  physiological 
abnormalities. 

This  analysis  raises  additional  ques- 
tions concerning  the  niches  occupied 
by  animals.  It  seems  likely  that  the 
problems  facing  herbivores  and  car- 
nivores are  very  different  from  those 
confronting  the  omnivore.  The 
generalized  herbivore  eats  a diet 
notorious  for  its  poor  quality  both  in 
calories  and  in  nutrition.  However,  he 
processes  his  intake  in  a complex  di- 
gestive tract  which  extracts  or  man- 
ufactures the  requisite  nutrients.  It 
appears  that  he  is  capable  of  regulat- 
ing caloric  intake  by  adjusting/<?^<i  effi- 
ciency Thus  it  seems  likely  that  he 
would  be  less  sensitive  to  either  the 
caloric  or  the  nutritional  dimensions 
of  the  diet.  Studies  by  Hirsch  show 
that  the  guinea  pig,  a monogastric 


herbivore,  is  surprisingly  insensitive 
to  the  caloric  dilution  of  his. diet  and 
appears  to  regulate  intake  by  bulk. 
The  necessary  nutritional  balance 
studies  have  not  been  performed. 

The  carnivore,  on  the  other  hand, 
eats  a food  which  replicates  his  own 
composition  almost  exactly  and  which 
is  calorically  dense.  The  carnivore 
should  exhibit  little  talent  for  selec- 
tion or  caloric  regulation.  Preliminary 
studies  on  house  cats  suggest 
that  they  tend  to  eat  for  bulk,  losing 
weight  on  diluted  diets  and  gain- 
ing weight  on  concentrated  ones. 
Whether  carnivores  are  capable  of 
dietary  selection  remains  an  un- 
answered but  intriguing  question. 

These  data  and  the  accompanying 
speculations  suggest  that  one  cannot 
understand  either  the  pattern  of  in- 
take or  the  relative  amounts  con- 
sumed of  the  available  food  items 
without  considering  the  total  nutri- 
tional economy  of  the  animal  and  the 
ecological  niche  which  he  exploits. 
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Chapter  24 


SUGAR  INGESTION  AND  CARIES 


Rachel  H.  Larson 


The  ingestion  of  sweet  tasting  foods 
and  their  relation  to  the  development 
of  dental  caries  has  been  a matter  of 
concern  since  the  time  of  Aristotle.^® 
Hardwick  ^ reports  that  by  1600,  it 
had  already  become  apparent  to  Eng- 
lish observers  that  the  use  of  “most 
confections  and  sugar  plummes 
heateth  the  blood,  roteth  the  teeth 
and  maketh  them  look  black.” 

In  spite  of  these  early  references  to 
dental  caries,  relatively  few  fossil  teeth 
show  cavitation,  and  it  is  generally  ac- 


cepted that  dental  caries  is  a disease  of 
modern  civilized  man,  which  becomes 
universally  present  when  his  diet  be- 
comes ample  and  rehned.  Several  re- 
ports have  shown  caries  inci- 
dence to  be  extremely  low  in  most 
primitive  populations  existing  without 
refined  carbohydrates  whether  their 
diets  consisted  mainly  of  fats  and  pro- 
teins as  the  Eskimos,  or  of  starchy 
cereal  and  vegetables  as  some  African 
tribes. 


CARIES  LEVELS  AND  SUGAR  INTAKE 


The  diet,  eating  habits  and  the 
k^hole  environment  of  modern  man  is 
o different  from  those  of  primitive 
nan  that  the  conclusion  cannot  be 
Irawn  that  sugar  alone  is  responsible 
or  the  high  levels  of  caries  currently 
ixperienced.  However,  in  our  popu- 
ation  there  are  many  examples  of 
groups  or  individuals  whose  high 
evels  of  caries  can  be  directly  related 
o sugar  intake.  Miller  reported 
inusually  severe  dental  caries  in  con- 
ectioners,  pastry  bakers  and  other 
ndividuals  who  presumably  had  con- 
umed  large  quantities  of  sugar, 
iibby  ^ drew  attention  to  two  groups 
)f  children  who  regularly  developed 
ow  levels  of  caries:  diabetics  on  low 
ucrose  diets  and  institutionalized 
:hildren  with  limited  between-meal 
nacks  of  sweet  foods.  Also  of  special 


interest  are  reports  of  very  low 
levels  of  caries  in  fructose-intolerant 
individuals.  This  disease  is  evident 
from  early  childhood  and  is  charac- 
terized by  alarming  symptoms  of 
nausea,  vomiting,  pallor  and  eventual 
unconsciousness  following  the  in- 
take of  sucrose  or  other  fructose- 
containing  foods.  Eeg-Larsen’s  ^ re- 
port indicates  that  fructose-intolerant 
individuals  do  seem  to  avoid  sucrose- 
containing  foods  and  limit  their  in- 
take of  fruits  and  vegetables.  A de- 
crease in  caries  was  reported  follow- 
ing periods  of  sugar  rationing  in  both 
Europe  and  Japan  during  World 
War  II  and  increases  were  experi- 
enced when  rationing  ended.  These 
correlations  are  suggestive  but  must 
not  be  taken  as  proof  of  a causal  role 
of  sucrose  in  caries.  The  absence  or 


345 


346 


Taste  and  Development 


reduction  of  sugar  in  the  diet  is  of 
necessity  accompanied  by  an  increase 
in  some  other  component  which  may 
have  a protective  effect. 

Caries  development  is  dependent 
upon  the  interaction  of  a number  of 
factors,  and  a high  level  of  sugar  con- 
sumption is  not  always  associated  with 
a high  level  of  caries  development. 
The  Vipeholm  study  in  Sweden  ® re- 
ported widely  different  levels  of  caries 
for  human  subjects  consuming  high 
levels  of  sugar  under  different  condi- 
tions. Subjects  consuming  as  much  as 


300  grams  of  sugar  per  day  in  solu- 
tion at  meals  showed  no  increase  in 
dental  caries  activity.  Whereas,  sub- 
jects consuming  a much  lower  level  of 
sugar  between  meals  in  a sticky  form 
such  as  tofhes  and  caramels  de- 
veloped caries.  When  sugar  was  taken 
only  with  the  meals  and  followed  by 
some  form  of  cleaning  the  teeth, 
caries  development  was  minimized. 
This  suggests  that  caries  is  related  not 
to  total  ingestion  of  sugar,  but  to  the 
amount  which  remains  in  the  mouth. 


CONTROLLING  FACTORS  IN  CARIES  DEVELOPMENT 


In  an  attempt  to  understand  some 
of  these  data,  let  us  examine  the  three 
factors  essential  for  caries  develop- 
ment: (a)  a supporting  dietary  sub- 
strate, (b)  a causative  microflora,  and 
(c)  susceptible  host  and  teeth.  Modifi- 
cation of  any  one  of  these  three  fac- 
tors may  prevent  caries  development. 

Dietary  substrate 

Fermentable  dietary  carbohydrates 
are  necessary  for  acid  production  and 
eventual  caries  development.  A num- 
ber of  workers  have  compared  the  ef- 
fect of  sucrose  with  other  sugars  and 
with  corn  starch  on  caries  develop- 
ment in  experimental  animals. 
Frostell  et  al.,’^  Larje  and  Larson, 
and  Huxley  compared  levels  of  caries 
using  experimental  conditions  under 
which  rats  develop  both  smooth  sur- 
face and  sulcal  lesions,  reported  lower 
levels  of  caries  in  the  groups  on  diets 
containing  glucose  than  sucrose;  dif- 
ferences were  more  pronounced  on 
the  smooth  surfaces  than  in  the  sulci. 


In  gnotobiotic  rats  using  a model  as- 
sociated with  the  development  of  sul- 
cal lesions  only,  Rosen  reported 
that  glucose  supported  a higher  level 
of  caries  than  sucrose.  These  findings 
suggest  that  organisms  which  are  ac- 
tive in  the  sulci  are  less  dependent 
upon  sucrose  than  those  active  on  the 
smooth  surfaces. 

Krasse  reported  high  levels 
of  implantation  and  recovery  of 
streptomycin-resistant  caries-inducing 
streptococci  and  high  levels  of  caries 
in  hamsters  fed  a sucrose  diet.  When 
sucrose  was  replaced  by  glucose 
in  the  experimental  diet  very  few 
caries-active  organisms  were  recovered 
and  few  carious  lesions  developed. 
When  cornstarch  was  substituted  for 
sucrose  in  a diet  normally  associated 
with  high  levels  of  caries,  even  animals 
exposed  to  a broad  range  flora, 
developed  only  occasional  lesions  and 
these  were  largely  in  the  sulci  (Larson, 
unpublished).  These  results  are  in 
keeping  with  Marthaler’s  studies 
of  patients  with  hereditary  fructose 
intolerance,  and  Russell’s  work  with 
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primitive  populations  on  high  starch 
diets.  In  each  case  extremely  low 
levels  of  caries  were  observed  in 
spite  of  poor  oral  hygiene. 

Oral  microflora 

Microorganisms  are  essential  to 
caries  development.  Germfree  ani- 
mals display  a complete  absence  of 
caries  even  when  maintained  on  high 
sucrose  diets. Treatment  with  a 
broad  range  antibiotic  that  depresses 
caries  active  flora  dramatically  re- 
duces the  level  of  caries  for  animals 
from  a caries  active  colony  fed  a high 
sucrose  diet.^^ 

Much  is  known  concerning  the 
microorganisms  which  comprise  the 
oral  flora,  nevertheless  their  mech- 
anism of  action  in  caries  develop- 
ment is  not  fully  understood.  Any- 
thing more  than  a superficial  comment 
is  beyond  the  scope  of  this  pres- 
entation. Theoretically,  any  micro- 
organism which  remains  adjacent  to 
the  tooth  surface  and  produces  acid 
can  participate  in  the  development  of 
caries.  A wide  range  of  such  or- 
ganisms are  apparently  active  in  the 
molar  pits  and  fissures  when  they  are 
trapped  there  along  with  food  parti- 
cles. However,  on  the  smooth  surfaces 
adhesion  is  necessary  in  order  to  hold 
acid-producing  bacteria  in  close  prox- 
imity to  the  tooth  surface.  Certain 
acidogenic  organisms  of  the  strep- 
tococcal group,  including  Streptococcus 
mutans  are  characterized  by  their  abil- 
ity to  produce  extracellular  polysac- 
charides. Sucrose  has  been  shown  to 
be  specific  for  extracellular  polysac- 
charide formation  in  vitrop^  and  in  rat  ^ 
and  hamster.^’®  However,  not  all  po- 
tentially caries-inducing  organisms 
have  the  same  degree  of  specificity  as 
to  carbohydrate  requirements.  The 


adhesion  of  these  organisms  may  be 
facilitated  by  these  “sticky”  polysac- 
charides, as  well  as  interaction  of  bac- 
teria with  bacteria,  enamel  or  pellicle. 
These  adherent  streptococci  play  a 
major  role  in  the  development  of 
smooth  surface  lesions  and  possibly 
fissure  lesions. 

The  distribution  of  these  organisms 
in  animals  and  in  man  is  ill  defined. 
The  elegant  work  of  Keyes  clearly 
demonstrated  that  these  organisms 
are  not  ubiquitous  in  rodents.  He 
showed  that  certain  colonies  of  rats 
and  hamsters  which  were  essentially 
caries-free  even  on  a caries-test  diet 
developed  high  levels  of  caries  when 
caged  with  animals  from  a caries  ac- 
tive colony.  Failure  to  recognize  the 
importance  of  the  microflora  in  ani- 
mal studies  led  to  faulty  evaluations 
of  the  relative  caries  susceptibility  of 
two  colonies  of  rats.  Workers  at  both 
Harvard  ^“^and  Michigan  Universities  ® 
by  selective  breeding  established  strains 
of  animals  which  were  considered  as 
“caries  susceptible”  and  “caries  resist- 
ant” because  of  their  response  to  a 
given  diet  and  their  indigenous  flora. 
In  later  studies  at  the  National  Insti- 
tute of  Dental  Research  when  these 
animals  were  infected  with  the  same 
broad  range  flora  and  fed  the  same 
diet,  both  strains  from  the  two  col- 
onies developed  high  levels  of  caries. 
Thus,  both  the  Harvard  and 
Hunt-Hoppert  strains  of  rats  were 
mislabelled  as  “resistant”  when  the 
characteristically  low  levels  of  caries 
were  actually  due  more  to  the  lack  of 
caries-inducing  organisms  than  to  any 
genetic  resistance  per  se.  However,  it 
appears  that  the  absence  of  caries  in 
man  is  not  due  to  the  absence  of  po- 
tentially caries-inducing  organisms. 
Bratthall  ^ has  demonstrated  the 
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presence  of  5.  mutans  in  representa- 
tive populations  throughout  the 
world.  Furthermore,  Stiles  et  al.^® 
have  shown  that  even  caries-free 
populations  in  certain  remote  areas 
with  little  or  no  access  to  sucrose  also 
harbour  S.  mutans. 

Host  and  teeth 

Susceptible  host  and  teeth  are  es- 
sential to  caries  development.  Unfor- 
tunately most  teeth  are  susceptible  to 
caries  development  if  a sufficient 
cariogenic  challenge  is  provided.  In- 
creased resistance  of  teeth  has  been 
suggested  in  relation  to  a number  of 
factors. True  differences  can  be 
demonstrated  only  when  cariogenic 
challenges  of  the  same  intensity  can 
be  provided,  which  is  not  possible  in 
vivo.^’’  However,  there  is  considerable 
evidence  from  animal  data  to  suggest 
that  resistance  increases  with  certain 


morphological  characteristics,  enamel 
maturation  and  increased  fluoride 
uptake. i 
Host  characteristics  or  habits  which  > 
modify  the  cariogenic  challenge  are  [ 
much  more  important  than  relative  | 
susceptibility  of  the  teeth  per  se.  j 
Osborne  Mendel  and  NIH  Black  rats  I 
maintained  on  the  same  caries  test  :! 
diet  and  infected  with  cariogenic  or-  ;i 
ganisms  developed  widely  different  i 
levels  of  caries. It  was  then  shown  | 
that  the  Black  rats  which  developed 
low  levels  of  caries  ate  only  a few  large 
“meals”  each  day,  whereas  the 
Osborne  Mendel  rats  which  developed  | 
high  levels  of  caries  nibbled  fre-  ^ 
quently  throughout  the  day.  When  ; 
animals  of  both  strains  were  placed  in 
automatic  feeding  machines  and  j 
forced  to  eat  36  “meals”  per  day  both  \ 
strains  of  animals  developed  high 
levels  of  caries. I 


SUMMARY 

I 

Both  human  and  animal  data  show  quency  and  duration  of  oral  expo-  j 
that  the  ingestion  of  sugar  plays  a crit-  sure,  the  virulence  of  the  oral  flora,  ■ 
ical  role  in  the  development  of  dental  and  the  resistance  of  the  teeth  which  ! 
caries.  However,  the  amount  con-  may  be  influenced  by  such  factors  as  ' 
sumed  is  less  important  than  the  fre-  age,  and  fluoride  uptake. 
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DISCUSSION 


Stellar;  What  is  the  hope  of 
eliminating  the  microflora?  That  is 
the  easiest  way  out  for  most  people. 

Larson;  Elimination  of  the  oral 
flora  is  probably  neither  possible  nor 
desirable.  Good  oral  hygiene  can  re- 
duce the  incidence  of  caries  by  mak- 
ing changes  in  the  flora.  In  some  cases 
of  rampant  caries  antibiotics  have 
been  used  effectively.  I can  envision 
the  time  when  some  antibiotics,  not 
reserved  for  more  serious  diseases, 
may  be  widely  used  against  caries. 

Pfaffmann;  I have  a question 
about  fructose  intolerance.  You  say 
that  such  individuals  do  not  have 
caries.  Is  that  because  they  do  not  take 
sugar? 

Larson;  The  intolerance  is  specific 
for  the  fructose  molecule,  but  since 
the  disaccharide  sucrose  releases  a 
molecule  of  fructose  during  digestion, 
fructose  intolerant  individuals  be- 
come ill  if  they  consume  either  fruc- 
tose or  sucrose.  One  report  indi- 
cates that  not  only  do  the.se  individu- 
als have  diets  low  in  prepared  foods 
containing  sucrose,  but  also  that  they 
consume  rather  small  amounts  of 
fruits  and  vegetables.  Since  their  re- 
s[)onse  to  fructo.se  leads  them  to 


eliminate  essentially  all  sugars  from 
their  diet  they  typically  have  a low 
level  of  caries.  Dr.  Muhlemann  would  , 
you  care  to  comment?  i 

Muhlemann;  They  eat  a lot  of  i 
bread,  spaghetti,  noodles,  everything  f 
but  no  sucrose,  no  fructose.  Their 
brothers  and  sisters  who  do  not  have  • 
the  intolerance  have  a lot  of  dental 
caries.  ; 

Stellar;  Is  that  an  enzymatic 
matter?  i 

Muhlemann;  Yes.  Liver  aldolase  i 
deficiency.  s 

Larson;  There  is  one  report  of  a ' 
physician  who  did  not  recognize  for 
many  years  that  his  son  was  fructose  i 
intolerant.  He  thought  the  boy  was 
allergic  and  that  he  would  outgrow  it. 

He  attempted  to  get  him  over  this  <| 
supposed  allergy  by  forcing  him  to  eat 
some  sucrose  after  every  meal.  He 
would  have  him  eat  as  much  as  he 
could  tolerate.  The  boy  continued  to  4 
get  sick  and,  in  addition,  developed 
caries  because  of  the  sugar.  Perhaps 
he  should  have  sued  his  father  for  ^ 
malpractice. 

Jacobs;  As  in  the  case  of  cigarettes  - 
and  cancer,  progress  in  hypothesizing 
causal  mechanisms  resulted  when 
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simple  “per  capita  consumption”  data 
began  to  be  broken  down  by  age, 
heavy  vs.  light  smokers,  and  other  in- 
dividual parameters.  In  the  case  of 
sucrose  ingestion,  market  data  on 
“per  capita  consumption”  over  the 
years  have  suggested  an  association 
between  caries  and  sucrose  “con- 
sumption.” Your  reference  to  the 
Vipeholm  study  in  Sweden,®  and  your 
own  work  on  rats,^^’^^’^^  suggests  that 
increased  “snacking”  with  sucrose, 
without  opportunity  to  rinse  the  mouth,  is  a 
critical  factor  in  caries,  i.e.,  that  it  is 
more  complicated  than  correlating 
total  “per  capita  consumption”  with 
incidence  of  caries. 

Would  you  agree  that  the  role  of 
food  habits  in  caries  will  be  increas- 
ingly understood  by  continuing  to  fill 


the  gap  between  the  animal  work, 
where  individual  intake  can  be  mea- 
sured, and  “per  capita  consumption” 
based  upon  economic  indicators  of 
productivity  and  population  estimates 
from  census  data? 

Larson:  Your  point  is  well  taken. 
Clearly,  quite  different  kinds  of  in- 
formation come  from  studies  in  which 
countries  are  the  unit  of  analysis  as  in 
the  “per  capita”  studies  and  cases  in 
which  groups  of  similar  individuals 
experiencing  different  conditions  are 
compared.  The  Vipeholm  study 
demonstrates  what  can  be  done  to 
explore  mechanisms  of  caries  produc- 
tion in  humans  directly.  Perhaps  we 
can  hll  the  “gap”  to  which  you  refer 
from  both  sides. 


COMMENTS 


PART  VI 

AND  PERSPECTIVES 


Chapter  25 


SWEET  PREFERENCE  AND  THE  SENSORY 
CONTROL  OF  CALORIC  INTAKE 


Jacques  Le  Magnen 


In  reviewing  the  literature  on 
“Sweet  preference”  for  the  prepara- 
tion of  this  paper,  the  author  was 
again  impressed  by  three  facts:  First, 
this  topic  which  may  appear  very  lim- 
ited and  therefore  simple  to  a naive 
person  is  of  an  extraordinary  com- 
plexity. Second,  the  accumulation, 
during  the  last  25  years,  of  much 
beautiful  data  including  the  replica- 
tion of  the  same,  or  almost  the  same, 
experiments  by  many  investigators, 
has  increased,  rather  than  decreased 
the  difficulties  in  reaching  a general 


consensus.  Third,  experimental  data 
are  useful  in  understanding  and  solv- 
ing a problem  only  if  they  are  in- 
cluded in  a body  of  clear  and  un- 
equivocal concepts.  Words,  such  as 
taste  preference  and  aversion,  pleas- 
antness and  unpleasantness,  hedonic 
value,  palatability  and  reactivity  to 
taste,  represent  overlapping  and  ob- 
viously related  concepts.  The  concept 
of  taste  preference  is  particularly  am- 
biguous and  confusing:  preference  to 
what?  and  in  doing  what? 


MEASUREMENT 


As  is  generally  the  case  in 
physiological  studies  of  behavioral  re- 
sponses, the  main  source  of  ambiguity 
is  the  difference  between  the  meas- 
urement of  phenomena  in  human 
and  animal  subjects.  Psychophysicists 
have  shown  that  humans  can  quantify 
the  pleasantness  evoked  by  a sensory 
stimulus  separately  from  its  quality 
and  intensity.  Furthermore,  such 
judgements  can  be  made  in  the  ab- 
sence of  any  observable  concurrently 
elicited  behavior.  The  human  hedonic 
response  is  thus  a subjective  and  abso- 
lute judgement.  It  is,  more  or  less, 
postulated  by  psychophysicists,  that 
the  response  is  a reliable  measure  of 
one  of  the  dimensions  of  a sensation. 


Thus  hedonic  judgements,  like 
judgements  of  intensity  or  quality, 
would  reflect  the  response  of  the  sen- 
sory apparatus  to  intrinsic  properties 
of  the  stimulus. 

This  view  of  judgements  has,  for  a 
long  time,  contaminated  the  concep- 
tual treatment  of  presumed  homol- 
ogous phenomena  experimentally 
approached  by  very  different  meas- 
ures, in  rats.  When  the  rat  is  ques- 
tioned by  thfe  presentation  of  a sweet, 
solution,  the  answer  is  generally  the 
amount  drunk  in  a given  time,  com- 
pared to  amounts  drunk  or  eaten  of 
other  items  simultaneously  or  identi- 
cally offered.  However,  this  measure 
of  “preference,”  the  drinking  re- 
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sponse,  is  relative  to  the  modality  of 
presentation  and  to  the  alternatives 
offered.  Nonetheless,  sensory  physi- 
ologists have  often  been  tempted  to 
postulate  that  the  ingestive  response  is 
entirely  determined  by  sensory  activ- 
ity and  therefore,  like  the  human 
judgement,  reliably  measures  an  in- 
trinsic property  of  the  stimulus.  In 


fact,  the  problem  is  really  one  of 
knowing  the  extent  to  which  the 
palatability  of  a particular  solution  de- 
termines the  drinking  response  to 
that  fluid  under  various  conditions. 
The  question  of  whether  sweet  solu- 
tions are  palatable  to  rats  becomes  the 
question  of  when  and  how  palatability 
per  se  affects  intake? 


PREFERENCE  FOR  SWEETNESS 


Instead  of  pointing  out  the  dis- 
crepancies (particularly  of  interpreta- 
tion) which  remain  in  the  literature,  I 
will  try  to  sum  up  the  experimental 
data  and  suggested  mechanisms  on 
which  a general  agreement  seems  to 
have  been  reached. 

The  stimulus 

Everybody  has  noted  the  various 
properties  of  a sweet  solution  of  glu- 
cose or  sucrose.  It  is  a liquid  that  is  the 
source  of  some  specific  mechanical 
stimuli  in  the  mouth  and  as  such 
elicits  a specific  consummatory  re- 
sponse named  a drinking  response.  It 
is  sweet,  this  sweetness  being  depen- 
dent both  on  the  particular  sugar  and 
on  its  concentration.  It  is  a source  of 
calories.  It  is  a liquid  with  a definite 
osmotic  pressure.  Finally,  it  is  an 
aqueous  solution  and  thus  a source  of 
water.  The  situation  is  not  simple. 
Fortunately,  it  is  possible  to  experi- 
mentally contrast  sweet  fluids  with 
other  fluids  having  in  common  some 
of  these  properties,  and  not  others, 
essentially  with  saccharine  solution, 
salty  solutions  and  water. 

Sweet  preference,  the  enhancement 
of  a defined  drinking  response  by  the 
sweet  taste  of  a solution,  is  both  sen- 
sory sjjecihc  and  hunger  dependent. 


To  assert  that  higher  responding  is 
due  to  sweet  preference  requires  sev- 
eral types  of  supporting  evidence. 
The  responding  must  be  shown  to  be 
dependent  on  the  sweetness  of  the 
solution.  Thus,  it  is  not  exhibited 
under  the  same  conditions  for  fluids 
of  other  tastes  (salt  solutions  and 
water),  and  has  some  specific  relation 
to  the  intensity  of  the  stimulus.  In  ad- 
dition, the  response  must  be  shown  to 
be  dependent  on  the  solution’s  sweet- 
ness rather  than  its  caloric  value, 
its  osmolarity  or  its  water  content. 
Finally,  the  sweet  specific  response 
must  be  shown  to  vary  with  hunger, 
that  is  previous  food  deprivation. 
Food  deprivation  is  assumed  to  influ- 
ence the  response  to  sweet  nutritive  or 
non-nutritive  solutions  but  not  the 
response  to  saline  or  water.  Con- 
versely, water  deprivation  is  assumed 
not  to  influence  the  intake  of  sweet 
solutions  but  to  have  a specific  ef- 
fect on  the  intake  of  water  and  salt 
solutions. 

The  role  of  sweetness 

Much  evidence  has  been  provided 
that  rats  offered  a fluid  under 
specified  conditions  for  a given 
time  enhance  their  intake  of  that 
fluid,  only  if  it  is,  and  because  it  is, 
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sweet.  The  works  of  Young  and 
coworkers, of  Hagstrom  and 
Pfaffmann,^^  Jacobs, Collier  ^ 
and  of  many  others,  have  provided 
convincing  evidence  that  ingestion  of 
sweet  solutions  varies  as  a function  of 
concentration  and  therefore  of 
stimulus  intensity.  It  also  has  been 
demonstrated  that  isosweet  solutions 
of  different  sugars  yield  identical 
rates  of  short  term  intake  and  are 
equally  reinforcing  during  the  acqui- 
sition of  an  instrumental  re- 
sponse.It  is  significant  that  sac- 
charine solutions,  like  sugar  solutions, 
are  palatable  and  that  their  palatabil- 
ity  is  related  to  concentration.  Further- 
more, saccharine  on  the  basis  of  its 
sweet  taste  alone  is  reinforcing  in  an 
instrumental  learning  situation.^® 

The  role  of  hunger 

The  dependence  of  sweet  prefer- 
ence on  hunger  is  reflected  in  the  in- 
creased palatability  of  sweet  solutions 
as  a function  of  food  deprivation  and 
has  been  recognized  for  a long 

That  such 

increments  in  response  are  independent 
of  caloric  content  is  clearly  demonstrated 
by  the,  so  called,  “saccharine  depriva- 
tion effect.”  ^’33,10  same  food  de- 

privation that  increases  response  to 
sweet  -solutions  does  not  affect  the  re- 
sponse to  water,  or  to  solutions  having 
another  But  this  dem- 


onstration is  obscured  by  the  well 
known  difficulty  in  separating  food 
and  water  deprivation.  This  difficulty 
is  attenuated  by  using  insulin  adminis- 
tration which  is  generally  acknowl- 
edged to  mimic  the  humoral  condi- 
tions of  natural  hunger  (Fig.  25-1). 
Insulin  (3  I.U./Kg  body  weight)  was 
administered  30  minutes  prior  to  a 30 
minute  presentation  of  either  a 5% 
sucrose  solution,  a 0.037%  saccharine 
solution,  a 1%  NaCl  solution  or  water. 
Insulin  injected  rats,  compared  to 
non-injected  controls,  showed  in- 
creases in  consumption  of  the  two 
sweet  tasting  solutions  but  no  changes 
in  the  intake  of  water  and  saline.^” 
The  fact  that  sweet  solutions  con- 
tain water  adds  to  the  difficulty  of 
separating  thirst,  which  should  act 
specifically  on  water  and  salt  intake, 
from  hunger  which  modulates  pref- 
erence for  sweet.  Differential  drink- 
ing of  sweet  and  non-sweet  solutions 
following  manipulation  of  water  im- 
balance by  gastric  loading  clarifies  the 
issues.  Rats  that  had  been  pre-loaded 
with  water  drank  less  water,  in  30 
minute  tests,  than  rats  that  had  re- 
ceived a preload  of  hypertonic  saline 
(18%  NaCl).  Animals  in  both  groups 
drank  very  small  volumes  of  a hyper- 
tonic saline  solution  but  larger  and 
approximately  equal  volumes  of  a 
hypertonic  (22%)  sucrose  and  a 
hypotonic  saccharine  solution  (see 
Fig.  25-2). 


SATIATION 

The  sensory  specificity  and  hunger  5 to  10  minutes,  drinking  is  increas- 
dependence  of  the  palatability  of  ingly  determined  by  factors  other 
sweet  solutions  are  purely  exhibited  than  the  initial  stimulating  effect  of 
and  expressed  by  the  drinking  re-  the  sweet  tasting  solution.  These  fac- 
sponse  only  in  a brief  exposure  to  the  tors  are  those  involved  in  the  de- 
solutions. In  presentations  exceeding  velopment  of  satiation  during  the 
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H 1%  NaCI  EmiD  HjO 

□ 5%  SUCROSE  ^ 0,037%  SACCHAR 

Figure  25-1.  Comparison  of  the  effect  of 
insulin-induced  hunger  on  the  intake  of  sweet 
solutions,  salt  solutions  and  water. 


H 18%  NaCI  E3  HjO 

□ 22*4  SUCROSE  ^1%  SACCHAR 


Figure  25-2.  Comparison  of  the  effect  of 
water  and  hypertonic  preload  on  the  intake 
of  sweet  solutions,  hypertonic  salt  solution  or 
water. 

meal.  With  longer  presentations,  the 
cumulative  intake  becomes  increas- 
ingly dependent  on  factors  involved 
in  the  alteration  and  time  patterning 


of  hunger  and  satiety  that  charac-  j 
terize  the  response  to  ad  libitum  . 
conditions.  ' 

What  causes  satiation  and  satiety?  j 
An  apparently  stupid  answer  is  that 
satiation  and  satiety  are  caused  by  ' 
having  eaten  or  drunk.  It  is  is  impos-  ; 
sible  to  fully  discuss  this  considerable 
problem  here.  Briefly,  three  sets  of  j 
ingestive  and  post-ingestive  effects  of  | 
a food  or  a fluid  are  successively  active  ' 
and  differently  combined  over  time  to  ; 
suppress  hunger  and  thus  to  deter-  ^ 
mine  the  cumulative  intake.  ! 

1/  The  sensory  activity  of  foods  and 
fluids  passing  via  the  mouth  may  itself 
have  a satiating  effect.  Such  a sensory 
specific  oral  satiety  affects  preferences 
and  aversions.  In  an  early  demonstra- 
tion, oral  satiety  was  “conditioned”  in 
rats  fed  artificially  flavored  solid  diet. 
After  the  free  intake  of  the  odorized 
food  was  repeatedly  associated  with 
post-prandial  administration  of  either  i 
glucose,  insulin  or  d-amphetamine, 
reductions  and  enhancements  of  food 
intake  appropriate  to  a “conditioned 
odor  satiety”  were  observed. 

The  demonstration  of  a similar  ex- 
perimentally induced  “oral  satiety” 
has  recently  been  extended  by  Booth 
and  coworkers. ^ Various  evidence  has 
been  provided  that  satiation  by  a j 
sweet  solution  may  include  an  oral  i 
and  sensory  specific  satiety. || 
2/  The  contribution  of  solutions 
reaching  the  stomach  to  satiation  has 
been  extensively  studied  and  dis-  1; 
cussed.  Whether  gastric  chemorecep-  |j 
tors  responsive  to  sweetness  are  in-  ;! 
volved  or  not  is  uncertain  but  this  pos-  ij! 
sibility  has  not  been  excluded.  !■ 

Although  the  acknowledged  nega-  li| 
five  feedback  from  the  gastrointesti-  ' i : 
nal  tract  acting  through  the  vagus  If 
nerve  on  the  central  nervous  system 
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inhibits  hunger,  it  is  clear  that  current 
intake  remains  orally  mediated.  In 
other  words,  the  gastric  inhibition  of 
the  oral  response  during  the  meal  op- 
erates by  means  of  a progressive  shift 
in  palatability  from  the  beginning  to 
the  end  of  the  free  intake. 

3/  The  most  evident  effect  of  post- 
ingestive  factors  on  cumulative  oral 
intake  is  due  to  systemic  repletion. 
It  is  obvious,  and  has  been  clearly 
demonstrated,  that  caloric  and 


overall  dietary  balance  plays  a part 
in  determining  the  termination  of 
each  meal  and  in  setting  the  patterns 
of  intake  under  24h  ad  libitum 
conditions. The  importance 
of  a solution’s  caloric  content  and  its 
effect  on  caloric  balance  in  the  24h 
intake  of  a sucrose  solution  has  been 
clearly  shown  by  Collier.®  Some 
problems  remain  in  explaining  the 
24h  ad  libitum  intake  of  a saccharine 
solution.®^’®® 


LEARNING 


The  high  palatability  of  sweet  solu- 
tions for  naive  subjects  and  neonates 
supports  the  proposition  that  the 
sweet  taste  is  an  unconditioned 
stimulus  for  eating  and  drinking  in 
the  hungry  animal.  There  is  other 
evidence  that  this  behavior  is  geneti- 
cally determined.  However,  it  has 
been  clearly  shown  in  the  past  15 
years  that  sweet  preference,  as  other 
innate  responses  to  sensory  stimuli,  is 
modified  by  experience.  The  con- 
ditioned taste  aversion  by  which  a su- 
crose or  saccharine  solution  becomes 
aversive  after  a single  association  with 
illness  or  poisoning  has  been  exten- 
sively studied. This  experimental 
paradigm  makes  evident  a critical 
physiological  process.  Taste  and 
smell,  food  and  fluid  preferences  and 
aversions,  in  other  words  palatability 
responses,  are  modulated  (as  men- 
tioned above)  by  learning.  In  this 
learning  the  post-ingestive  effect  of 
the  caloric  and  dietary  balance  acts  as 
a positive  or  negative  reinforcer  to 
modulate,  to  increase  or  decrease,  the 
palatability  of  each  food  item.  The 
first  demonstration  of  this  process  in 
the  development  or  suppression  of 
the  sweet  saccharine  preference  has 


been  given  by  Capretta.®  When  daily 
one  hour  presentations  of  saccharine 
were  paired  with  a gastric  load  of  glu- 
cose, the  already  high  intake  of  a sac- 
charine solution  by  rats  was  increased. 
Pairing  saccharine  with  a water  load, 
decreased  intake.  The  extinction 
(more  exactly,  in  Pavlovian  terms,  the 
“habituation”)  of  the  response  to  sac- 
charine has  also  been  shown  in 
another  experiment.^®  For  five  days, 
fasting  rats  received  their  only 
calories  and  fluid,  from  a daily  3 hour 
presentation  either  of  sucrose  or  sac- 
charine solution  (Fig.  25-3).^^  The 
group  on  sucrose  increased  their  in- 
take of  the  solution.  The  group  on 
saccharine  at  first  maintained,  and 
later  decreased  their  consumption  of 
the  sweet  solution.  This  extinction  of 
the  saccharine  preference  may  be 
obscured  by  the  reinforcing  effect  of 
the  Na-saccharine  solution  on  a mixed 
food  and  water  deprived  rat.®^ 

The  most  clear  evidence  of  the 
physiological  conditioning  of  sweet 
preference  has  been  recently  pre- 
sented by  David  Booth. He  showed 
that  preference  for  a solution  of  a 
particular  sweetness  was  increased  by 
its  previous  association  with  post- 
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Figure  25-3.  Responses  of  starved  rats  during  5 consecutive  days,  to  sucrose 
solution  compared  to  saccharine  solution. 


ingestive  effects  of  10%  glucose  or 
polysaccharide  solutions.  Sweetness 
acceptance  was  decreased  by  previous 
association  with  25%-50%  glucose 
solutions.  Conditioning,  in  these  two 
directions  simultaneously,  by  con- 
tinuous access  to  a choice  of  solutions, 
can  reverse  the  usual  gradient  of  pref- 
erence for  the  sweetest  solution.  The 
reversal  extinguished  over  a few  days 
without  reinforcement. 

In  summary,  a body  of  convergent 
experimental  results  provides  conclu- 
sive evidence  that  a cc^mplex  interac- 


tion of  three  control  systems  deter-  ! 
mines  the  degree  to  which  rats  exhibit 
a sweet  preference  under  various 
conditions.  Initial  and  unconditioned  j 
palatability  is  modified  by  post- 
ingestive  effects  of  repression  or 
facilitation.  Some  post-ingestive  ef- 
fects are  immediate  and  others  are  la- 
tent. The  sweet  preference  is  not  a 
constant  property  of  the  stimulus  but 
is  essentially  relative  and  undergoes 
continous  adjustment  to  anticipate  the 
requirements  of  a behavioral  regula- 
tion of  the  nutritive  balance. 
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Chapter  26 


SWEET  PREFERENCE  AND  HEDONIC 

EXPERIENCE 


Eliot  Stellar 


As  many  of  the  papers  in  this  con- 
ference show,  we  infer  sweet  preference 
from  a variety  of  different  measure- 
ments that  we  make  in  both  animals 
and  man.  We  infer  it  from  the  high 
levels  of  ingestion  of  sugars  and  other 
sweet  substances.  We  infer  it  from 
choices  organisms  make  in  favor  of 
sweet  substances,  sometimes  in  situa- 
tions where  they  can  ingest  a great 
deal,  sometimes  where  they  can  only 
“taste”  and  ingest  very  little.  We  also 
infer  it  in  situations  where  the  or- 
ganism works  for  the  “sweet  taste” 
that  it  gets,  performing  many  instru- 
mental responses  (e.g.,  lever  presses) 
to  obtain  very  small  quantities  of 
“taste.”  In  this  case,  when  he  works 
harder,  we  say  he  is  more  strongly 
motivated  or  has  a stronger  sweet 
preference.  Finally,  we  measure  sweet 
preference  in  man  by  asking  him  to 
rate  the  hedonic  quality  of  a taste  sub- 
stance on  a rating  scale  or  to  describe 
the  pleasantness  or  unpleasantness  he 
experiences  upon  tasting. 

While  all  of  these  measures  reveal 
the  existence  of  sweet  preference,  it  is 


no  surprise  that  different  methods  of 
measurement  yield  different  results. 
Often  this  is  because  the  different 
methods  of  measurement  reveal  the 
operation  of  different  parts  of  the 
very  complex  mechanism  that  pro- 
duces sweet  preference.  In  the  exper- 
iments, from  our  laboratory,  that  I 
will  report  here,  we  have  tried  to 
separate  oral  from  gastric  and  other 
postingestional  factors.  We  have  tried 
to  identify  the  operation  of  oral  fac- 
tors other  than  taste,  we  have  tried  to 
take  into  account  the  state  of  the  ani- 
mal (e.g.  hunger,  thirst)  at  the  time  of 
measurement,  and  we  have  recog- 
nized the  importance  of  learning  and 
habit  in  the  genesis  and  maintenance 
of  sweet  preference. 

The  animal  and  human  subjects  of 
our  experiments  are  all  adults,  but  I 
believe  that  insofar  as  our  findings 
give  us  insight  into  the  nature  of 
preference  they  can  contribute  to  the 
understanding  of  the  genesis  of  sweet 
preference  in  the  developing  or- 
ganism. Let  me  turn  to  a review  of 
our  data. 


PREFERENCE-AVERSION  IN  NORMAL  RATS 

The  first  Figure  shows  the  stimulus  method.  The  rats  are  16 
reference-aversion  curves  in  the  rat  hours  thirsty  and  each  day  given  one 
for  glucose  and  fructose  that  hour  to  drink  water  or  some  concen- 
McCleary  ^ obtained  by  the  single  tration  of  glucose  or  fructose. 
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LOG  PERCENT  CONCENTRATION  OF  SUGAR 
IN  TEST  SOLUTION 


Figure  26-1.  Preference-aversion  curves  in 
the  rat  for  glucose  and  fructose  by  the  single- 
stimulus, one-hour  ingestion  method. 

Amount  ingested  is  taken  as  the  meas- 
ure of  preference.  As  you  can  see, 
the  rising  and  falling  preference- 
aversion  curves  have  the  same  shape 
as  those  obtained  when  the  rats  are 
given  a choice  and  have  24-hour  ac- 
cess to  2 bottles,  one  containing  water 
and  the  other  some  concentration  of 
a sugar  as  in  the  experiments  of 
Richter. However,  peak  preference 


MOLAR  CONCENTRATION  OF  SACCHARINE 


Figure  26-3.  Preference-aversion  curve  in  the 
rat  lor  saccharine  by  the  single-stimulus, 
one-hour  ingestion  method.  Arrow  on  absicca 
shows  isotcmic  concentration. 


Figure  26-2.  Preference-aversion  curves  in  ! 
the  blowfly  for  sucrose  and  glucose  by  the  ' 
2-choice,  24-hour  ingestion  method. 

h 

is  at  5%  concentration  in  the  single  |j 
stimulus  method  and  at  10%  in  the  jj 
2-bottle  choice  method.  The  reason  is,  ! 
as  you  will  see,  that  the  dehydrated  rat 
in  the  one-hour,  single-stimulus  test  | 
cannot  drink  as  much  hypertonic  so-  j 
lution  as  the  rat  in  water  balance  (24-  i 
hour,  2-bottle  test). 

An  even  more  important  fact, 
common  to  both  methods,  is  that  the 
animals  drink  so  little  of  the  hyper- 
tonic solutions  and,  indeed,  are  averse  j 
to  them  in  comparison  to  water.  The  . 
aversion  turns  out  to  be  due,  in  large  j 
part,  to  postingestional  factors,  work-  j 
ing  together  with  oral  factors.  This  I 
interaction  of  oral  and  postingestional  I 
factors  is  beautifully  illustrated  in  the  ■ 
experiments  of  Dethier  ^ on  the  I 
blowfly.  In  this  organism,  the  intensity 
of  drinking  is  a direct  function  of  the  | 
intensity  of  sugar  concentration. 
When  the  foregut  becomes  loaded,  ^ 
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however,  then  drinking  is  inhibited, 
turned  off.  The  resultant  preference- 
aversion  function  for  glucose  and  su- 
crose are  illustrated  in  Figure  26-2.  If 
the  recurrent  nerve  that  signals  when 
the  foregut  is  loaded  is  severed,  then 
there  is  no  inhibition  and  the  fly  keeps 
drinking,  driven  by  the  taste  stimulus, 
and  literally  may  burst. 

That  the  rising  and  falling 
preference-aversion  curve  may  be 
due  entirely  to  positive  and  negative 
taste  factors  is  suggested  by  experi- 
ments that  we  did  with  saccharine. 
The  whole  preference-aversion  func- 
tion is  completed  before  the  fluids 
reach  isotonic  concentration  (see 
arrow  on  abscissa  of  Figure  26-3). 
Thus,  in  this  case,  postingestional  os- 
motic factors  are  not  likely  to  play  a 


role.  On  the  other  hand,  there  is  di- 
rect evidence  that  aversion  to  strong 
sugar  solutions  is  due  to  a postinges- 
tional factor.  When  McCleary  ^ pre- 
loaded  rats  with  hypertonic  solutions 
of  either  sugar  or  NaCl  before  the 
one-hour  ingestion  test,  they  de- 
creased their  drinking  of  hypertonic 
solutions  and  increased  their  water 
drinking  (Fig.  26-4).  The  changes  in 
drinking  are  not  specifically  depend- 
ent on  gastric  effects  of  the  preload 
since  similar  results  are  obtained  in  the 
rabbit  when  hypertonic  NaCl  preloads 
are  given  intravenously  (Fig.  26-5).  In 
fact,  it  turns  out  that  the  rats’  drinking 
of  hypertonic  sugar  solutions  can  be 
decreased  by  simply  increasing  their 
thirst  which,  of  course,  also  increases 
their  water  drinking.® 


PREFERENCE-AVERSION  IN  RATS  WITH  ESOPHAGEAL  FISTULAS 


An  even  clearer  separation  of  oral 
and  postingestional  factors  was  ob- 
tained by  Mook  ® who  used  the 
esophageal  fistula  preparation  in 
single-stimulus  testing  (Fig.  26-6).  In 


test  solution  HOH  2 5,3  20  HOH  2 5.3  20  HOH  2 5.3  20 

STOMACH  LOAD  5.3  20  40 

concentration  of  glucose  solution  in  percent 

1 . 

I Figure  26-4.  Effect  of  isotonic  (5.3%)  and 
' hypertonic  (20%  and  40%)  preloads  of  3 ml 
I on  the  ingestion  of  water,  2%,  5.3%,  and  20% 
I glucose  by  the  rat  in  the  one-hour  test. 


this  preparation,  the  rat’s  esophagus 
is  cut  and  brought  out  at  the  neck  so 
that  nothing  it  drinks  reaches  the 
stomach.  A plastic  tube  can  be 
threaded  into  the  stomach  through 
the  lower  esophagus  so  that  fluids  can 
be  delivered  to  the  alimentary  tract. 


HOH  2 5,3  20  HOH  2 53  20 


CONCENTRATION  OF  GLUCOSE  IN  PERCENT 

Figure  26-5.  Effect  of  hypertonic  (3%)  NaCl 
given  intravenously  as  a preload  on  the  rab- 
bit’s drinking  of  water  and  glucose  solutions. 
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Figure  26-6.  Esophageal  fistual  preparation 
in  which  the  same  or  different  solutions  can 
be  delivered  to  the  mouth  and  the  stomach 
independently,  but  simultaneously. 

This  process  can  be  made  automatic 
by  having  every  20  tongue  laps  the  rat 
makes  while  drinking  activate  a sole- 
noid valve  so  as  to  deliver  a measure 
of  fluid  to  the  stomach.  This  ar- 
rangement permits  the  comparison  of 
sham  drinking  when  nothing  reaches 
the  stomach,  with  normal  drinking, 
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Figure  26-7.  Preference-aversion  curves  for 
glucose  during  sham  drinking  (nothing  | 
reaches  the  stomach)  and  normal  drinking  in  j 
the  esophageal  fistual  preparation.  | 

when  the  same  fluid  that  passes  | 
through  the  mouth  is  simultaneously  | 
and  synchronously  delivered  to  the  | 
stomach.  Perhaps  this  preparation 
provides  the  most  powerful  analysis 
of  all  when  the  rat  drinks  one  sub- 
stance and  gets  a different  one  deliv- 
ered to  its  stomach. 

As  Figure  26-7  shows,  the 
preference-aversion  function  survives  j 
in  sham  drinking.  This  suggests  a j 
negative  oral  factor  to  account  for  the  \ 
falling,  aversion  part  of  the  curve,  but  | 
as  you  will  see  in  a moment,  it  is  more  | 
likely  a negative  osmotic,  oral  factor  1 
than  a taste  aversion  or  a negative  I 
taste  factor.  ; 

That  the  postingestional  factors 
operative  in  the  normal  preference- 
aversion  function  are  mainly  osmotic 
is  seen  in  Figure  26-8.  Here  the  ani- 
mal is  drinking  the  various  concentra- 
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Figure  26-8.  Preference-aversion  curves  for  glucose  in  two  esophageal  fistual 
preparations  where  glucose  is  tasted  and  either  the  same  glucose  concentrations 
or  osmotically-matched  NaCl  solutions  reach  the  stomach. 


Figure  26-9.  Preference-aversion  curves  in 
esophageal  fistula  preparations  for  sucrose, 
glucose,  and  NaCl  where  only  water  reaches 
the  stomach. 


tions  of  glucose  and  is  receiving  into 
the  stomach  either  the  same  concen- 
tration of  glucose  or  an  osmotically- 
matched  concentration  of  NaCl.  It 
doesn’t  matter,  the  preference- 
aversion  functions  are  identical  in  the 
two  cases. 

Even  more  instructive  is  the  case 
where  the  animal  drinks  various  con- 
centrations of  glucose  and  sucrose  but 
receives  only  equal  volumes  of  water 
in  the  stomach  (Fig.  26-9).  The 
preference-aversion  functions  are 
greatly  altered.  The  low  concentra- 
tions of  glucose  are  no  longer  prefer- 
red. It  is  not  until  the  hypertonic  con- 
centration, normally  aversive,  that 
preference  is  shown.  Sucrose,  on  the 
other  hand,  shows  a strong  prefer- 
ence function  at  the  lower  concentra- 
tions, but  no  aversion  or  falling  func- 
tion at  the  high  concentrations. 
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If  you  remember  that  the  rat  is 
16-hours  thirsty  and  in  the  single- 
stimulus testing  situation,  it  is  possible 
to  make  sense  out  of  these  hndings. 
The  preference  for  the  low  concent- 
rations of  glucose  is  not  necessarily  a 
taste  preference,  but  may  be  a “dilute 
water  effect.”  That  is  to  say,  thirsty 
rats,  forced  to  drink  glucose  solutions, 
must  drink  greater  volumes  of  more 
concentrated  solutions  to  get  the  same 
amount  of  water  in  excess  of  solute. 
When  this  situation  is  corrected  by 
putting  water  in  the  stomach  as  the  rat 
drinks  glucose,  there  is  nothing  left  to 
motivate  excess  drinking.  On  the  con- 
trary, with  sucrose,  the  preference 
remains  at  low  concentrations,  sug- 
gesting that  it  is  a true  taste  pref- 
erence. This  idea  is  strongly  sup- 
ported by  the  data  of  Hagstrom  and 
Pfaffmann  ^ who  recorded  from  the 
taste  nerves  of  the  rat  and  found  that 
at  the  hypotonic  concentrations  glu- 
cose was  hardly  stimulating  at  all 
while  sucrose  was  very  stimulating.  In 
fact  as  Figure  26-10  shows,  sucrose 
yielded  the  same  kind  of  negatively 
accelerated  function  as  we  obtained  in 
our  tests  and  glucose  yielded  the  same 
positively  accelerated  function! 

As  you  can  see,  any  possible  nega- 
tive postingestional  effects  of  the 
hypertonic  concentrations  in  this  par- 
ticular study  were  removed  by  arrang- 
ing that  only  water  reached  the 
stomach.  It  is  possible  that  the  hyper- 
tonic solutions  had  the  same  type  of 
negative  oral  osmotic  effects  as  occur 
in  sham  drinking,  but  these  were 


overridden  by  an  osmotically  positive  ! 
signal  from  the  gut  elicited  by  water.  ' 
It  is  as  though  the  dehydrated  rat  is  ! 
getting  both  an  early  warning,  nega-  . 
tive  osmotic  signal  from  the  mouth  to  1 
“inhibit  drinking  because  this  is  a I 
hypertonic  solution  that  will  further  . 
dehydrate  you”  and  a second  counter-  j 
manding  signal  arising  from  water 
in  the  gut  saying:  “no,  it  won’t  dehy-  i 
drate  you  because  water  is  coming  j 
down  here.”  If  you  will  pardon  the  ' 
dramatization,  it  is  clear  that  we  have  | 
a complex  interaction  of  oral  taste  and  J 
oral  osmotic  factors  with  postinges-  j 
tional  factors  in  the  rat’s  preference  : 
for  sweet. 


Concentration,  M 


Figure  26-10.  Hagstrom  and  Pfaffmann’s 
data,  showing  electrophysiological  response 
of  taste  nerves  (chorda  tympani)  of  the  rat  to 
different  concentrations  of  sucrose  and 
glucose. 
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The  same  kind  of  preference  for 
sweet  can  be  studied  in  the  same  way 
by  measuring  the  fluid  intake  of 
human  subjects,  with  the  added  ad- 
vantage of  getting  hedonic  ratings 
and  reports  of  preference  or  pleas- 
antness and  unpleasantness,  discom- 
fort or  nausea.  Using  the  single- 
stimulus method,  Jordan  and  I 
determined  preference-aversion  func- 
tions in  human  subjects  for  glucose, 
sucrose,  saccharine,  and  sucaryl.  We 
asked  subjects  not  to  drink  water  for 
several  hours,  and  under  this  mild 
dehydration,  had  them  drink  fluids 
from  a hidden  reservior  through  a 
straw  for  a 10- minute  test-period  (Fig. 
26-11).  As  Figure  26-12  shows,  a 


Figure  26-1 1.  Arrangement  to  test  the  inges- 
tion of  fluids  in  the  laboratory  by  human  sub-- 
jects  where  subjects  do  not  see  what  they  are 
ingesting. 


PER  CENT  CONCENTRATION 


Figure  26-12.  Preference-aversion  curves  in 
man  for  sucrose  and  glucose  by  the  single- 
stimulus, 10-minute  ingestion  method. 

preference-aversion  curve  for  glucose 
and  sucrose  can  be  generated  this 
way,  with  subjects  showing  very 
strong  aversion  to  the  hypertonic  con- 
centration and  calling  them  “too 
sweet”  and  “nauseatingly  sweet”  (im- 
plying a postingestional  effect). 

The  preference-aversion  function 
for  sucrose  shows  up  even  more 
clearly  when  cumulative  intake  over 
ten  minutes  is  shown  for  the  different 
concentrations  (Fig.  26-13).  The 
curve  for  saccharine  is  most  interest- 
ing because  it  has  only  an  aversion 
limb  in  man  (Fig.  26-14).  The  subjects 
report  that  as  soon  as  they  can  taste 
the  sweet,  they  can  taste  the  bitter  and 
reject  it.  With  sucaryl  the  story  is  dif- 
ferent (Fig.  26-15),  for  there  is  no 
bitter  reported.  The  aversion  to  high 
concentration  is  explained  by  the  sub- 
jects in  the  same  way  they  explain 
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Figure  26-13.  Cumulative  intakes  of  differ- 
ent concentrations  of  sucrose  of  a human  sub- 
ject, showing  preferences  for  weak  concentra- 
tions and  aversions  to  strong,  hypertonic  con- 
centrations. 


MINUTES 

Figure  26-14.  Cumulative  intakes  of  differ- 
ent concentrations  of  saccharine  by  a human 
subject,  showing  aversion  for  all  concentra- 
tions tested. 


Figure  26-15.  Cumulative  intakes  of  differ-  1 
ent  concentrations  of  sucaryl  by  a human  sub-  | 
ject,  showing  preference  for  the  weak  con-  | 
centrations  and  aversion  to  the  high,  but  not  | 
hypertonic,  concentrations.  | 

the  aversion  to  hypertonic  sucrose; 
“too  sweet,”  “nauseatingly  sweet.” 
This  suggests  a mouth  factor,  possibly  , 
one  dependent  upon  learning,  since 
these  concentrations  are  not  hyper- 
tonic so  there  could  not  be  that  kind 
of  postingestional  effect. 

As  a result  of  these  findings,  we 
have  become  more  directly  concerned 
with  the  hedonic  aspect  of  the  oral 
and  postingestional  contributions  to 
preference  and  aversion  and  have 
tried  to  duplicate  some  of  the  work  of 
Cabanac.*  Cabanac  and  his  colleagues 
asked  subjects  to  rate  the  “sweetness” 
and  the  “hedonic  quality”  of  50  ml 
mouthfuls  of  20%  glucose  under  two  * 
conditions.  In  one,  the  subject  re- 
ceived  the  50  ml  of  20%  glucose  \ 
every  3 minutes,  spat  it  out  after  15  | 
seconds,  rinsed  with  water  and  rated  | 
pleasantness-unpleasantness  on  a +2  I 

i 
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to  —2  scale  (“O”  neutral)  or  a 5-1  scale 
(3.0  neutral).  The  second  condition 
was  the  same  except  that  the  subject 
swallowed  the  50  ml  20%  glucose  each 
trial,  ingesting  1.5  liters  in  a 90- 
minute  test  of  30  trials.  As  might  be 
expected,  the  judgment  of  sweetness 
did  not  change  as  testing  progressed 
in  either  condition.  Furthermore,  in 
the  first  condition,  the  judgment  of 
pleasantness  did  not  change  during 
the  test.  But  when  sugar  was  ingested 
in  the  second  condition,  the  ratings 
reflected  less  and  less  pleasantness 
and  more  and  more  unpleasantness  as 
the  test  proceeded  (Fig.  26-16).  A 500 
ml  gastric  preload  of  20%  glucose  be- 
fore the  test  produced  the  same  shift 
from  pleasantness  to  unpleasantness 
in  the  ratings  even  in  the  condition 
where  the  glucose  was  spit  out  on  each 
trial.  But  strangely  enough,  an  in- 
travenous load  of  glucose  did  not 
have  any  effect. 

Using  sophisticated  observers  in 
our  laboratory  as  subjects  we  were 
able  to  replicate  these  hndings  fairly 
well.  However,  when  we  disguised  the 
preloads  of  0,  10,  20,  30,  and  40% 
glucose  by  adding  saccharine  and  yel- 
low vegetable  dye  to  them  we  ran  into 
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Figure  26-16.  Rating  of  the  pleasantness  of 
sucrose  by  a human  subject  when  each  50  ml 
mouthful  sampled  is  spit  out  (closed  circles) 
and  when  it  is  swallowed  (open  circles).  After 
Cabanac. 


inconsistencies.  In  some  subjects  the 
40%  preload  had  the  biggest  effect 
and  in  others  the  10%  or  the  water 
preload  did,  and  the  subjects  could 
not  “guess”  which  preload  they  got. 
Averaging  the  data  for  the  four  sub- 
jects submerged  the  inconsistencies 
and  produced  slightly  increasing  ef- 
fects as  a function  of  preload  sugar 
concentration.  However,  the  indi- 
vidual inconsistencies  were  bother- 
some, especially  in  the  light  of  the  fact 
that  reproducing  these  phenomena  in 
naive  subjects  has  proved  very  dif- 
hcult.  Under  a variety  of  testing  con- 
ditions, naive  subjects  were  always 
variable,  sometimes  showing  an  ef- 
fect, sometimes  not. 

At  this  stage  of  our  work,  we  believe 
the  Cabanac  phenomenon  exists,  but 
that  it  is  not  robust.  Subjects  feel  slight 
nausea  during  these  experiments  and 
may  be  confusing  their  desire  to  in- 
gest any  more  sugar  with  a change  in 
the  pleasantness  of  its  taste.  For 
example,  when  we  told  our  subjects 
toward  the  end  of  a series  of  trials  that 
they  didn’t  have  to  ingest  any  more, 
but  could  spit,  the  ratings  of  the  20% 
glucose  became  more  positive. 

Furthermore,  the  distress  or  slight 
nausea  the  subjects  reported  may 
have  been  partly  due  to  gastric  disten- 
sion per  se,  for  in  some  cases,  water  in 
the  stomach  produced  as  strong  a 
negative  effect  as  sugar  solution  in  the 
stomach.  It  may  be  for  these  reasons 
that  intravenous  glucose  has  no  effect 
on  the  ratings  of  pleasantness.  While 
our  results  are  still  inconclusive, 
Cabanac’s  method  may  yet  prove  to  be 
a valuable  approach  to  the  central 
problem  of  unravelling  the  contribu- 
tions of  taste,  postingestional  factors, 
and  internal  environment  state  in 
the  hedonic  judgments  of  pleasant- 
ness that  may  accompany  sweet 
preference. 
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1)  Preference  varies  as  a function  of 
the  method  of  measurement  and  the  condi- 
tion of  the  organsim  at  the  time  of  testing. 
The  major  methods  used  in  animal 
and  human  studies  are:  a)  ingestion 
as  in  the  single  stimulus  method/ 

b)  choice  with  ingestion  or  without 
as  in  the  brief  exposure  method/^ 

c)  instrumental  response  reflecting 
willingness  to  work  or  motivation/^ 

d)  hedonic  rating  and  subjective 
report  in  man/ 

2)  Two  sets  of  factors  operate  in  prefer- 
ence and  hedonic  behavior:  oral  and  post- 
ingestional  factors.  The  oral  factors  are 
principally  taste,  but  may  be  mouth 
osmotic  factors,  and  of  course,  texture 
and  temperature.  The  postingestional 
factors  may  be  gastric  (e.g.  gastric  dis- 
tension), osmotic,  general  dehydra- 
tional  or  nutritional  state  or  may  in- 
volve nausea. 

3)  Learning  most  certainly  plays  a role 
in  sweet  preference,  especially  in  its  de- 


velopment. Learning  may  play  its  role  ' 
through  taste  as  in  Harriman’s  experi-  | 
ment  ^ where  adrenalectomized  rats 
died  because  they  refused  NaCl  solu-  ^ 
dons  and  drank  sugar  solution  instead  I 
if  they  had  an  established  sugar  pref-  ! 
erence  preoperatively.  Or  learning  j n, 
could  function  through  postinges-  j 
tional  effects  (nausea)  as  it  does  when  I 
making  a rat  sick  with  LiCl  after  drink-  | 
ing  a novel,  sweet  solution  changes  ’ ' 
sweet  preference  to  aversion.®  J 

4)  All  of  these  factors  (the  state  of  the  1 
organism,  oral,  postingestional,  and  learn-  1 
ing  factors)  must  be  integrated  in  a com-  , 
mon  brain  mechanism  that  controls  a)  reg-  j 
ulation  of  ingestion,  b)  motivation,  and  c)  | 
hedonic  rating  of  sweet  substances.  These 
are  the  components  of  which  sweet 
preference  are  composed  and  the  | 
hnal  common  path  is  in  the  brain  as  it  \ 
is  in  other  cases  of  regulation,  motiva-  | 
tion,  and  hedonic  experience.^ ^ * 
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Chapter  27 


SWEET  ABUSE  AND  THE  ADDICTION  MODEL 


John  L.  Falk 

It  has  been  estimated  that  in  the  hypertension  and  dental  cariesd  It  is 
United  Kingdom  between  1819  and  worth  considering  if  there  are  general 
1930  sugar  consumption  per  capita  environmental  factors  which  produce 
increased  about  4-foldd  The  signifi-  an  overindulgence  of  substances  such 
cance  of  this  increase  should  be  as  various  drugs,  ethanol  and  sugar, 
viewed  in  the  light  of  both  animal-  Further,  how  overindulgence  might 
experimental  and  epidemiological  relate  to  the  notion  of  “addiction” 
data  linking  increased  sugar  con-  should  be  evaluated,  especially  in  rela- 
sumption  to  arteriosclerotic  and  de-  tion  to  sweet  substances, 
generative  heart  disease,  obesity, 

WATER  ABUSE 


First,  let  us  consider  how  a rather 
simple  environmental  manipulation 
leads  to  the  abuse  of,  i.e.,  the  massive 
overindulgence  in,  water.  The  abuse 
of  this  vehicle  has  never  been  a public 
health  problem  of  any  magnitude,  but 
the  production  of  polydipsia  is 
nonetheless  instructive  and  has  pro- 
vided us  with  a method  for  investigat- 
ing the  overindulgence  of  more 
pharmacologically  significant  sub- 
stances, such  as  ethanol. 

When  a rat  is  gradually  reduced  to 
80  or  90%  of  its  free-feeding  body 
weight  by  limiting  its  daily  food  ration 
and  permitted  to  earn  most  of  its  food 
by  lever-pressing  on  an  intermittent 
food  delivery  schedule,  a copious 
polydipsia  develops  concurrently  with 
the  consumption  of  the  food  pellets.® 
In  a typical  experiment,  an  animal  will 


obtain  a 45- mg  food  pellet  on  the  av- 
erage once  per  minute  (a  variable- 
interval  one-minute  schedule)  for 
about  3 hours  each  day.  When  main- 
tained in  this  fashion,  animals  drink 
almost  100  ml  of  water  during  the  3 
hours,  which  is  about  one-half  their 
body  weight.®  It  is  important  to  note 
that  these  aminals  are  never  deprived 
of  water  and  have  continuous  access 
to  it  in  their  home  cages  between  the 
3-hour  food  sessions. 

A typical  session  is  shown  in  Figure 
27-1.  Lever  pressing  is  shown  on  the 
bottom  channel  and  is  not  an  impor- 
tant feature  of  the  figure  for  our  pre- 
sent purposes.  The  upper  (cumula- 
tive) channel  shows  t^iat  bursts  of 
licking  occur  immediately  after  the 
earning  of  most  food  pellets.  Food 
pellet  delivery  is  indicated  by  the  reset 
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of  this  channel  or  a vertical  hatch 
mark  if  the  pen  is  already  reset  (i.e.,  if 
the  previous  pellet  consumption 
failed  to  be  followed  by  a drinking 
burst).  It  can  be  seen  that  in  most 
cases  the  animal  takes  a draught  of 
water  after  consuming  each  food  pel- 
let. During  such  daily  sessions,  for 
months  on  end,  the  animal  will  con- 
tinue to  drink  these  massive  amounts 
(about  3.4  times  its  pre-experimental, 
normal  24- hour  water  intake  level); 
little  water  is  drunk  during  the  re- 
maining 21  hours  per  day  spent  in 
the  home  cage.  This  pattern  of  exces- 
sive drinking  (schedule-induced 
polydipsia)  has  been  repeatedly  con- 


firmed not  only  in  every  strain  of  rat 
attempted  but  in  mice,  monkeys  and 
chimpanzees  (for  general  reviews  see 
ref.  7,8).  As  there  is  no  physiological 
state  imposed  by  the  experimental 
conditions  which  accounts  for  the 
overdrinking,  i.e.,  there  is  no  change 
in  body  water  location  or  concentra- 
tion, defect  in  renal  concentrating 
ability,  etc.,^  the  dipsogenic  response 
can  be  referred  to  as  “psychogenic 
polydipsia,”  a term  used  in  clinical 
medicine  to  indicate  massive  over- 
drinking not  explicable  in  terms  of 
body  water,  hormonal,  or  renal 
changes. 


ETHANOL  ABUSE 


Let  us  pass  from  the  problem  of 
water  intake  abuse  to  the  oral  abuse  of 
ethanol.  If  animals  are  given  continu- 
ous access  in  their  home  cages  to 
ethanol  solutions  in  various  concen- 
trations as  the  sole  drinking  fluid,  a 
long  history  covering  several  decades 
of  research,  has  failed  to  show  any 
development  of  physical  dependence 
on  ethanol.^®  Furthermore,  in  ex- 
perimental situations  where  ethanol 


solutions  have  been  offered  in  choice 
situations  paired  with  other  fluids,  no 
substantial  and  enduring  increase  in 
ethanol  intake  has  been  induced 
which  has  resulted  in  physical  de- 
pendence by  any  experimental  ma- 
nipulation.^^ Given  this  rather  dis- 
couraging history,  but  the  undeniable 
fact  of  human  oral  ethanol  over- 
indulgence,  we  applied  the  schedulb- 
induced  polydipsia  technique  to  the 


RAT  I"62  VI  I min. 


10  min 


Figure  27-1.  Drinking  bursts  on  a variable-interval  one-minute  schedule  (VI  1 
min,  45-mg  food  pellets).  Food  pellet  delivery  resets  upper  channel  to  bottom  or 
makes  hatch  mark.  These  cumulative  responses  are  the  drinking  bursts.  Lower 
channel  shows  lever  pressing. 
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problem  in  the  hope  of  producing 
oral  overindulgence  to  the  point  of 
physical  dependence.  In  our  initial 
study, ^ we  applied  the  technique  in 
much  the  same  way  that  gave  us  the 
water  abuse  result,  but  with  a few  im- 
portant differences.  Rats  were  re- 
duced slowly  to  80%  of  their  free- 
feeding  weights  and  then  simply  fed 
food  pellets  automatically,  rather  than 
being  required  to  earn  them  by 
lever-pressing,  on  a 24-hour  schedule 
in  individual  cages.  Every  2 minutes  a 
45- mg  food  pellet  was  delivered  dur- 
ing 1-hour  feeding  periods  that  were 
separated  by  3-hour  intervals.  Thus, 
there  were  6 feeding  periods  in  each 
24-hour  cycle,  delivering  a total  of 
180  pellets.  First,  water  was  the  avail- 
able fluid  and  after  schedule-induced 
polydipsia  was  established,  a gradu- 
ally increasing  concentration  of 
ethanol  was  substituted  in  place  of  wa- 
ter. Starting  with  1%  (by  volume) 
ethanol,  this  concentration  was  in- 
creased every  6 to  8 days  in  1%  in- 
crements to  6%  ethanol. 

Figure  27-2  shows  the  amount  of 
ethanol  ingested  by  each  of  8 rats  as  a 
function  of  the  concentration  offered. 
Except  for  rat  No.  6,  animals  ingested 
between  1 1 and  15  g ethanol  per  kg  of 
body  weight  at  6%  ethanol.  The 
change  from  5 to  6%  ethanol  did  not 
lead  to  an  increased  consumption  of 
g ethanol/kg.  Therefore,  the  concen- 
tration was  returned  to  5%  for  the  en- 
suing 3 months,  after  which  time  the 
experiment  was  terminated  with  a test 
for  the  presence  of  physical  depend- 
ence. The  180  food  pellets  per  day 
plus  the  calories  in  the  ingested 
ethanol  permitted  the  body  weights  to 
increase  continuously.  At  the  end  of 
the  experiment,  the  weights  had  re- 
turned to  the  initial  free-feeding 


Figure  27-2.  Mean  daily  amounts  of  ethanol 
drunk  by  individual  rats  as  a function  of  the 
available  ethanol  concentration. 


weight  level  when  the  test  for  physical 
dependence  was  given. 

During  the  second  month,  we  mea- 
sured blood  ethanol  levels  in  samples 
from  the  tail  taken  one  hour  before 
and  one  hour  after  each  of  the  1-hour 
feeding  periods  (Fig.  27-3).  The  sam- 
ples were  taken  serially  from  8 am  to  7 
pm.  Two  weeks  later  the  samples  be- 
tween 8 pm  and  7 am  were  gathered. 
Thus,  there  is  a data  break  indicated 
between  7 and  8 pm  in  the  figure  to 
denote  the  two-week  interim.  For 
most  of  the  animals  the  blood  ethanol 
concentration  remained  greater  than 
100  mg/ 100  ml  for  most  of  the  time  (6 
pm  to  1 1 am)  and  often  lay  between 
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AM ^ PM ^ ^AM 


Figure  27-3.  Concentrations  of  ethanol  in  the  blood  of  rats  drinking  5%  ethanol.  During  the 
indicated  1-hour  feeding  periods,  a food  pellet  (45  mg)  was  delivered  every  2 minutes. 


150  and  300  mg  per  cent.  Daily 
intake  of  ethanol  remained  quite 
constant  during  the  3- month  period 
on  5%  ethanol.  For  the  last  10  days 
of  the  experiment,  the  mean  daily 
intake  for  the  eight  animals  was 
13. 1 g ethanoFkg. 

When  these  and  similarly-treated 
animals  in  subsequent  experiments 
were  withdrawn  from  ethanol  for  8 
hours  and  then  subjected  to  a brief 
(1-2  seconds)  stimulus  consisting  of  a 
bunch  of  keys  shaken  over  them  in 
individual  withdrawal  cages,  severe 


tonic-clonic  seizures  resulted,  with 
some  animals  dying.  Prolonged  key 
shaking  failed  to  induce  either  sei- 
zures or  preconvulsive  activity  in  con- 
trol animals,  in  animals  polydipsic  on 
water  held  to  80%  body  weight,  or 
rats  held  to  80%  body  weight  with 
free  access  to  5%  ethanol  as  their  sole 
drinking  fluid  in  a home-cage  situa- 
tion.With  this  method  then,  we 
were  able  to  produce  unequivocal 
physical  dependence  on  ethanol  by 
oral  self-administration  of  an  aqueous 
ethanol  solution  in  animals. 


ETHANOL  ABUSE  AND  COMPETING  SWEET  FLUIDS 


In  the  above  experiment,  no  choice  in  ethanol  for  the  production  of 
was  offered  between  5%  ethanol  and  chronic  physical  dependence.  But 
any  other  fluid.  Our  aim  had  only  with  the  demonstration  that  this 
been  to  produce  oral  overindulgence  chronic,  stable  state  can  be  produced 


378 


Taste  and  Development 


in  animals  gaining  weight  and  seem- 
ingly in  good  health,  it  was  of  interest 
to  determine  if  such  animals  had  an 
altered  preference  for  the  ethanol 
solution  vis  a vis  other  fluids.  Accord- 
ingly, an  experiment  similar  to  the 
one  described  above  was  instituted 
except  that  5%  ethanol  was  available 
initially  from  each  of  two  drinking 
tubes. After  establishing  5%  ethanol 
polydipsia  for  12  days  (see  Fig.  27-4, 
early  EtOH  only),  a 3-day  preference 
test  was  run  between  5%  ethanol  in 
one  tube  and  water  in  the  other  tube 
(Fig.  27-4,  early  H2O  vs  EtOH).  Tube 
positions  were  switched  daily.  This 


test,  as  well  as  a similar  one  run  on 
days  76-78,  indicated  that  the  5% 
ethanol  was  preferred  to  water.  Fol- 
lowing this  determination,  a series  of 
preference  tests  between  5%  ethanol 
and  increasing  concentrations  of  dex- 
trose were  run,  commencing  with 
0.7%  (w/v)  dextrose.  If  an  animal 
switched  its  preference  from  ethanol 
to  a dextrose  solution,  the  preference 
test  was  continued  for  at  least  5 days 
after  the  switch  occurred.  Preference 
for  a particular  solution  was  defined 
as  that  solution  whose  intake  level  was 
more  than  50%  of  the  total  fluid  in- 
take. After  any  animal’s  preference 
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Figure  27-4.  Preference  relation  between  ethanol  and  other  fluids  (schedule-induced  condi- 
tion). All  values  are  means. 


Sweet  Abuse  and  Addiction 


379 


switched  from  the  ethanol  solution  to 
a dextrose  solution  (by  the  above 
criteria),  a 0.25%  sodium  saccharin 
solution  (w/v)  was  substituted  for  the 
dextrose  (0.25  Na  Sac  vs  EtOH).  The 
saccharin  was  paired  with  the  ethanol 
until  the  animal  either  switched  back 
to  ethanol  (which  never  happened), 
or  lost  so  much  body  weight  that  gen- 
eral health  was  compromised.  At  that 
point,  5%  ethanol  was  again  placed  in 
both  tubes  and  the  ethanol  drinking 
levels  were  redetermined  (post  EtOH 
only) . 

It  is  evident  from  Eigure  27-4  that 
besides  preferring  5%  ethanol  to  wa- 
ter, when  the  dextrose  concentration 
reached  a high  enough  value,  animals 
switched  their  fluid  preference  from 
ethanol  to  dextrose.  Out  of  8 rats,  one 
switched  at  1.4%  dextrose,  2 rats  at 
3%  dextrose,  and  the  remaining  ani- 
mals at  5%  dextrose.  All  animals  pre- 
ferred the  noncaloric  saccharin  solu- 
tion even  after  their  weights  had  de- 
clined seriously.  Two  rats  actually 
died  in  a state  of  anorexia,  ceasing  to 
eat  their  scheduled  food  pellets  dur- 
ing the  last  few  days  but  continuing  to 
drink  the  saccharin  solution.  Thus, 
even  with  a caloric  deficit  which  pro- 
gressively developed  over  a 6-week 
period,  all  animals  continued  to  pre- 
fer saccharin  solution  in  the  presence 
of  a previously  preferred  ethanol  so- 
lution which  could  have  provided  the 
calories  necessary  for  body  weight 
maintenance.  Similar  results  were  ob- 
tained with  an  additional  group  of 
animals  which  were  treated  similarly 
but  were  given  no  dextrose  solution 
tests.  Thus,  the  saccharin  preference 
was  not  a result  of  any  carry  over  of  a 
preference  for  a sweet  dextrose  solu- 
tion to  a sweet  saccharin  solution. 

Eive  out  of  the  above  8 rats  switched 


their  preference  from  5%  ethanol  to 
dextrose  only  when  the  dextrose  solu- 
tion concentration  was  increased  to 
5%.  This  result  was  compared  to  re- 
sults from  a group  of  animals  that 
were  maintained  on  similar  fluid 
choices  but  not  fed  under  the  inter- 
mittent food  regimen  and  thus  did 
not  have  the  polydipsic  drinking  pat- 
tern maintaining  a continuously  ele- 
vated blood  ethanol  level  resulting  in 
physical  dependence.^”  They  did, 
however,  drink  ethanol  for  the  same 
period  as  the  above  group,  function- 
ing thus  as  a long-term  adaptation  to 
ethanol  solution  control  group.  Some 
animals  were  allowed  to  increase  their 
body  weights  similarly  to  the  above 
group  while  others  were  held  to  the 
80%  level.  All  animals  were  prefer- 
ring dextrose  at  the  3%  dextrose  ver- 
sus 5%  ethanol  choice  phase  of  the 
testing  (see  Eigs.  27-5  and  6).  They 
also  preferred  the  saccharin  solution 
to  the  ethanol.  Comparing  Eig.  27-4 
with  5 and  6,  not  only  was  the  prefer- 
ence change  point  definitely  reached 
at  5%  dextrose  compared  to  3%  dex- 
trose, but  the  schedule-induced,  de- 
pendent animals  still  drank  a large 
volume  of  5%  ethanol  during  the  3% 
dextrose  choice,  while  the  other  ani- 
mals had  decreased  their  intake  of 
ethanol  considerably  at  that  compari- 
son point.  Although  the  schedule- 
induced  ethanol  dependent  animals 
were  more  resistent  than  controls  to 
the  sweet  blandishments  of  dextrose, 
they  nevertheless  switched  when  the 
concentration  was  raised  sufficiently. 
No  group,  including  the  schedule- 
induced  group  which  was  switched  di- 
rectly from  a test  between  5%  ethanol 
and  water  to  a test  between  the 
ethanol  and  saccharin  solutions,  with- 
stood the  inducement  of  the  sweet 
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0.7%  1.4%  3.0%  0.25% 

vs  DEX  DEX  DEX  No  Soc 

EtOH  EtOH  EtOH  EtOH 

Figure  27-5.  Preference  relation  between  ethanol  and  other  fluids.  Single  food-ration  regi- 
men with  body  weights  allowed  to  increase.  All  values  are  means. 

saccharin.  Whether  physically  depend-  for  all  animals  in  terms  of  caloric 
ent  on  ethanol  or  not,  this  last  pref-  maintenance, 
erence  change  was  a disasterous  one 


ETHANOL  ABUSE  AND  SWEET  TASTE:  CONDITIONAL 

ENHANCEMENT 


While  increased  intakes  of  ethanol 
have  been  reported  when  ethanol  was 
mixed  with  various  flavfjred  solutions, 
these  increases  have  not  been  suf- 
ficient to  produce  physical  depend- 
ence.’^ Since  0.25%  saccharin  func- 
tioned as  such  a powerful  determin- 
ant of  choice  and  intake  level  in  the 
previous  experiment,  we  wished  to  as- 


certain whether  the  addition  of  sac- 
charin to  our  standard  ethanol  solu- 
tion would  result  in  a further  elevated 
level  of  ethanol  intake.  Accordingly, 
two  groups  of  rats  living  in  standard 
cages  were  maintained  at  80%  body 
weight  and  allowed  free  access  to 
either  5%  ethanol  or  a combined  5% 
ethanol — 0.25%  saccharin  solution 


MEAN  BODY  WEIGHT  (g) 
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H^O 

vs 

EtOH 


0.7%  1.4% 

DEX  DEX 
vs  vs 
EtOH  EtOH 


3.0%  0.25% 

DEX  No  So< 
vs  vs 
EtOH  EtOH 


Figure  27-6.  Preference  relation  between  ethanol  and  other  fluids.  Single  food-ration  regi- 
men with  body  weights  maintained  at  80%.  All  values  are  means. 


for  3 months.  Another  group  of  ani- 
j mals  was  maintained  on  the  schedule- 
induced  polydipsia  regimen  previ- 
I ously  described.^ ^ After  one  month 
I on  5%  ethanol,  they  were  switched  to 
the  ethanol-saccharin  solution  as  their 
1 drinking  fluid  for  two  months.  As 
I shown  in  Figure  27-7,  there  was 
no  signihcant  difference  in  the 
!j  g ethanol/kg  intakes  between  the  two 
home-cage  conditions.  However,  the 
addition  of  saccharin  to  the  ethanol  in 
the  schedule-induced  condition  pro- 


duced a marked  increase  in  ethanol 
intake  from  13.1  to  15.1  g ethanol/kg. 
The  addition  of  saccharin  in  the 
schedule-induced  condition  enhanced 
ethanol  intake  but  failed  to  have  this 
effect  in  the  non-schedule-controlled, 
home-cage  condition.  Thus,  the  gus- 
tatory component  only  worked  in 
synergy  with  the  schedule-induced 
condition  which  already  produced  an 
intake  level  greater  than  that  of  the 
home-cage  condition. 
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• BODY  WEIGHT 
0—0  g EtOH/lcg  B.WT. 
■ FLUID  INTAKE 


HOME -CAGE  COND.  SCHEDULE- INDUCED  COND. 


EtOH  EtOH  EtOH  EtOH 

ONLY  in  ONLY  in 

Na  Sac  Na  Sac 


Figure  27-7.  Effect  of  addition  of  sodium  saccharin  to  5%  ethanol  on  intake  in 
both  home-cage  and  schedule-induced  conditions.  All  data  are  means  for  the  last 
30  days  in  each  condition.  The  body  weights  for  the  two  home-cage  conditions 
are  the  mean  80%  weight  levels. 


ABUSE  AND  ADDICTION 


Given  an  appropriate  environmen- 
tal condition  (schedule-induced  situa- 
tion), a sweet  substance,  such  as  sac- 
charin, can  be  used  to  produce  an  en- 
during and  physiologically  signihcanf 
change  in  enhancing  ethanol  intake. 
Also,  we  have  shown  that  both  dex- 
trose and  saccharin  solutions  can 
function  as  alternatives  to  ethanol  in- 
take in  physically  dependent  animals 
given  an  enticing  enough  concentra- 


tion of  the  sweet  alternative.  Ethanol 
is  the  only  substance  to  which  there  is 
widespread,  fluid  oral  addiction. 
Nevertheless,  appropriate  sweet  fluids 
can  compete  successfully  with  this 
addictive  intake  level  in  the  depend- 
ent rat.  This  successful  competition 
occurs  not  because  sweet  substances 
are  pharmacological  substitutes  for 
ethanol  (cross-tolerant  or  cross- 
dependent), but  because  such  sub- 
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stances  better  satisfy  the  conditions 
for  the  production  of  an  oral  reinforc- 
ing agent,  at  least  for  the  rat.  There  is 
no  reason  to  believe  that  we  are  deal- 
ing with  anything  more  mysterious  or 
physiologically  compelling  than  a 
reinforcement-efficacy  hierarchy.  In 
physically  dependent  animals,  5% 
ethanol  successfully  competes  with 
3%  dextrose,  but  not  in  the  non- 
dependent (home-cage)  animals.  But 
despite  that  dependent  state,  5% 
ethanol  cannot  compete  with  5%  dex- 
trose. Nor  can  it  compete  with  0.25% 
saccharin.  In  these  cases  the  sweet 
fluid  wins  out  and  the  animals  with- 
draw from  their  ethanol  preference. 
In  so  doing,  they  risk  withdrawal 
convulsions,  sacrifice  considerable 
calories  and,  in  the  case  of  a persistent 
saccharin  choice,  even  forfeit  their 
lives.  Since  these  sweets  replace 
ethanol  overindulgence  in  dependent 
animals  and  form  a new  and  rather 
non-beneficial  indulgence,  it  is  rea- 
sonable to  ask  if  these  new  choices  are 
not  themselves  some  form  of  addic- 
tion. Also,  the  synergistic  effect  that 
saccharin  addition  exerts  upon 
ethanol  overindulgence  produced  by 
schedule  induction,  and  which  fails  to 
occur  in  the  home-cage  environment, 
lends  weight  to  the  notion  that  it  is  not 
just  the  chemical  properties  of 
ethanol  or  sweet  fluids  that  define 
their  reinforcing  properties,  but  that 
the  inducing  environment  plays  an 
intimate  role  in  determining  these 
properties.  If  we  are  to  argue  that 
sweet  and  ethanol  abuses  are  not  radi- 
cally divergent  phenomena,  then  it 
should  be  demonstrable  that  the  rein- 
forcing efficacy  of  ethanol,  like  the 
sweets,  has  powerful  situational  com- 
ponents. This  was  shown  by  (a)  the 
chronic  over-indulgence  of  ethanol 


and  the  ensuing  dependence  induced 
by  the  food  schedule  (increasing  the 
efficacy  of  ethanol),  and  (b)  the  aban- 
donment of  this  chronic  overin- 
dulgence and  its  associated  depend- 
ence state  in  favor  of  a 5%  dextrose 
alternative  (decreasing  the  efficacy  of 
ethanol). 

Now  it  might  be  argued  in  the  case 
of  water  and  sweet  abuses  that  the 
damages  incurred  are  rather  indirect. 
It  takes  unusual  environmental  ar- 
rangements for  these  substances  to  be 
abused  and  to  become  hazards  to 
health,  while  ethanol  and  other  agents 
with  addiction  liability  produce  their 
effects  much  more  directly.  The  posi- 
tion is  that  such  agents  when  chroni- 
cally self-administered  result  in  dele- 
terious effects  as  a function  of  their 
pharmacological  action  either  di- 
rectly, or  indirectly  as  a consequence 
of  withdrawal  (abstinence  syndrome). 
Further,  addictive  agents  are  viewed 
as  instituting  biochemical  changes  in 
the  central  nervous  system  which, 
functioning  in  a vicious  circle,  main- 
tain a craving  for  the  particular  agent. 
However,  an  alternate  view  is  that 
there  is  no  useful  distinction -to  be 
drawn  between  abuse  and  addiction. 
Both  imply  overindulgence  to  a point 
where  various  other  normally  rein- 
forcing events  are  displaced.  Sources 
of  this  overindulgence  are  multiple 
and  involve  social  determinants,  as 
well  as  such  accepted  factors  as  direct 
(immediate  pharmacological)  efficacy 
and  physical  dependence.  For  exam- 
ple, the  physiological  compulsion  or 
biochemical  craving  model  has  domi- 
nated both  the  popular  and  scientific 
views  of  alcoholism  for  several  de- 
cades. However,  recent  research  has 
indicated  that  moderate  or  controlled 
drinking  in  alcoholics  does  not  trigger 
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irresistable  “craving”  or  a “loss  of 
control.”  2>5, 11,12.16, 17  addition,  work 

on  specific  environmental  manipula- 
tions which  exert  control  over  the 
drinking  of  chronic  alcoholics  has 
shown  that  when  10  or  15  minutes  of 
phvsical  and  social  isolation  was  the 
consequence  of  each  drink,  alcohol  in- 
take decreased  about  50  per  cent.^ 
When  40  minutes  of  time-out  from 
social  interactions  was  the  conse- 
quence of  each  drink,  drinking  was 
suppressed  to  very  low  levels  when 
alternate  sources  of  reinforcement 
(television,  games,  etc.)  were  not 
available. The  restriction  of  these 
other  privileges  as  a general  living 
condition  itself  had  no  systematic 
effect  on  the  level  of  drinking.  But 
without  access  to  such  alternatives,  the 
contingent  social  time-outs  con- 
sequent upon  each  drink  markedly 
suppressed  drinking.  These  results 
are  strong  evidence  against  a 
biochemically-driven  craving  notion 
as  the  underlying  substrate  maintain- 
ing the  drinking  of  the  alcoholic.  With 
the  contingent  withdrawal  of  social 

SWEET 

There  are  epidemiological  and 
physiological  studies  indicating  the 
increased  use  of  sugars  and  their 
biomedical  hazards.*  One  interesting 
line  of  animal  research  has  shown  that 
if  rats  are  allowed  one  hour  per  day  to 
ingest  food  they  can  regulate  body 
weight  on  this  regimen.  However,  if  a 
sucrose  solution  is  available  concur- 
rently with  the  food,  rapid  weight  loss 
and  even  death  occur  in  about  3 
weeks. Animals  drink  the  sucrose 
.solution  and  fail  to  eat  enough  food 
in  the  hour  to  sustain  life.  Such  a 
situation  emphasizes  the  continuity 


interaction,  drinking  is  not  supported. 

The  physiological  and  supposed 
biochemical  bases  of  addiction  have 
been  emphasized  in  the  past,  but  the 
above  studies  indicate  that  alcoholic 
overindulgence  is  not  explicable  in 
terms  of  a run-away  biochemical  state. 
Controlled,  moderate  drinking  by  “al- 
coholics” is  feasible  2,5,11,12,16 
priming  alcoholics  with  ethanol  fails 
to  result  in  any  onset  of  craving.**^ 
The  metabolic  hypothesis  as  an  ex- 
planation of  the  continued  abuse  of 
narcotics  has  also  been  questioned.^ 

It  is  clear,  then,  that  overin- 
dulgence in  various  commodities  can 
have  bases  which  are  not  solely 
attributable  to  biochemical  pre- 
dispositions or  the  development  of 
physical  dependence.  The  environ- 
mental sources  of  the  water  abuse 
(schedule-induced  polydipsia)  previ- 
ously described  reveal  one  sort  of  pro- 
totype situation;  the  environmental 
factors  instituting,  maintaining  and 
suppressing  ethanol  abuse  in  animals 
and  humans  yield  further  insights. 

ABUSE 

between  overindulgence  and  ad- 
diction. A life-sustaining  reinforcer 
(food)  is  displaced  by  chronic  sucrose 
overindulgence. 

It  is  not  a coincidence  that  com- 
modities overindulged  in  are  also 
ones  that  function  as  immediate  rein- 
forcers, e.g.,  morphine,  cocaine  and 
sweets.  Morphine  is  self-administered 
by  monkeys  without  a prior  physical 
dependence  being  established  and  at 
low  dose  levels  where  dependence 
cannot  be  shown  to  develop. Physi- 
cal dependence,  then,  does  not  ex- 
plain the  initial  reinforcing  properties 
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of  drugs  such  as  the  opioids  and 
cocaine,  their  chronic  use,  nor  their 
strong  re-addiction  liability.  Such 
drugs,  as  well  as  sweets,  have  im- 
mediate reinforcing  properties,  but 
this  alone  is  probably  not  sufficient 
for  the  production  of  overindulgence. 
Special  environmental  arrange- 
ments will  permit  or  produce  over- 
indulgence  of  these  substances  and 
even  of  water.  Such  arrangements  in- 
clude schedule-induction,  concurrent 
food  and  sucrose  solution  presenta- 
tion on  a limited  feeding  opportunity 
regimen,  and  the  non-withdrawal  of 
social  interactions  as  a consequence  of 
ethanol  drinking.  Sweet  substances 
have  immediate  reinforcing  prop- 
erties to  many  animals.  They  are 
highly  preferred  and  accepted  in 
large  volumes  under  various  regi- 
mens. For  humans,  sweets  are  pro- 
vided in  convenient  solid  and  liquid 
packages  suitable  to  environmental 
conditions  allowing  only  intermittent, 
“convenient,”  and  unceremonious 
feeding.  The  repetitive  consumma- 
tory  responses  evoked  by  sweetened 
convenience  foods  in  such  time- 
limited,  intermittent  feeding  situa- 


tions may  become  the  individual’s 
characteristic  feeding  pattern.  The 
ubiquity  of  sweet  additives  to  a wide 
range  of  items  in  the  diet  (breakfast 
foods,  beverages,  “Chinese”  food,  etc.) 
could  function  as  a stimulus  factor  de- 
termining the  above  feeding  pattern. 
Sweet  may  often  function  as  a hidden 
condiment  acquiring  additional  con- 
ditioned reinforcing  properties  owing 
to  its  association  with  proteins  in  the 
modern  diet. 

Such  speculations  aside,  is  sweet 
abuse  an  addiction?  There  is  no 
evidence  of  dose  escalation  (toler- 
ance) nor  are  there  withdrawal 
symptoms  which  are  not  simply 
attributable  to  caloric  deprivation. 
But  evidence  has  been  presented  in- 
dicating that  the  phenomena  of  toler- 
ance and  physical  dependence  ex- 
plain little  about  the  initiation  and 
maintenance  of  ethanol  and  other 
drug  overindulgence.  The  factors  de- 
termining all  these  overindulgences 
may  have  to  be  sought  in  environmen- 
tal conditions  which  synergize  the  in- 
take of  substances  already  possessing 
immediate-reinforcer  properties. 
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Chapter  28 


SIX  COMMON  SUGARS  AS  TOOLS  FOR  THE 
STUDY  OF  APPETITE  FOR  SUGAR 


Curt  P.  Richter 


Observations  made  on  the  appetite 
shown  by  rats  for  a single  sugar,  for 
instance  glucose,  do  not  throw  any 
light  on  the  origin  of  the  sugar  appe- 
tite. We  do  not  know  whether  the 
amount  of  the  sugar  eaten  by  the  rat  is 
a function  of  solubility  of  the  sugar  or 
of  its  sweet  taste  or  its  absorption  rate, 
etc. 

I bring  this  up  because  a combined 
study  of  the  six  common  sugars — 
glucose,  sucrose,  fructose,  maltose, 
lactose,  galactose — makes  it  possible 
to  determine  significance  of  the  intake 
of  each  one  of  the  sugars.  The  study 
brings  out  facts  that  could  not  be  ob- 
tained, even  with  the  most  extensive 
study  with  a single  sugar.  Use  of  the 
six  sugars  for  this  purpose  depends 
on  the  fact' that  they  have  a number  of 
very  different  physical  and  physiolog- 
ical characteristics;  and  that  each 
sugar  may  be  ranked  for  each  charac- 
teristic. Some  of  the  results  were  pre- 
sented in  earlier  reports.^’® 

Table  28-1  lists  these  characteristics 


and  shows  the  ranking  of  each  of  the 
six  sugars.  Thus  for  molecular 
weight — glucose  and  galactose  rank  at 
the  top,  being  the  smallest  and  malt- 
ose and  lactose  at  the  bottom;  for 
solubility  in  water — fructose  and  su- 
crose rank  at  the  top,  next  maltose 
and  glucose,  next  lactose  and  galac- 
tose at  the  bottom;  for  sweetness — 
fructose  and  sucrose  again  are  at  the 
top  and  galactose  and  lactose  are  at 
the  bottom;  for  absorption  rate — 
galactose  is  at  the  top  and  fructose  at 
the  bottom;  for  production  of  alimen- 
tary hyperglycemia — galactose  and 
maltose  are  at  the  top  and  lactose  and 
fructose  at  the  bottom;  and  finally  for 
limits  of  assimilability — maltose  and 
glucose  are  at  the  top,  lactose  and 
galactose  are  at  the  bottom. 

Comparison  of  rankings  of  maxi- 
mum intakes  of  each  of  the  six  sugars 
with  rankings  of  the  properties  of 
the  sugars  in  Table  28-1  should 
throw  light  on  factors  affecting  sugar 
appetite. 


METHODS 

Methods  used  in  determining  taste  preference  technique  was  used, 
maximum  intakes  of  the  six  sugars  Each  rat  kept  in  a small  rectangular 
have  been  described.^  The  so-called  wire  mesh  cage  had  access  to  a food 

Acknowledgment:  This  work  has  been  carried  out  under  a grant  from  the  National  Institute  of  Mental  Health 
(MH00576). 
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cup  (stock  diet  *)  and  two  graduated 
inverted  100  milliliter  water  bottles. 
The  bottles  were  made  as  nearly  alike 
as  possible  and  were  placed  in  strictly 
symmetrical  positions  in  the  cage  to 
make  certain  that  the  containers  or 
position  did  not  affect  the  rat’s  choice 
of  sugar.  (The  rat  made  its  selections 
only  on  the  basis  of  taste).  For  10-15 
days  both  bottles  were  filled  with  dis- 
tilled water.  Then  the  bottle  from 
which  the  rat  drank  smaller  amounts 
was  filled  with  a subliminal  concentra- 
tion of  the  sugar  to  be  tested.  Con- 
centrations of  the  sugar  were  then  in- 
creased by  small  amounts  each  day 
until  the  rat  increased  its  intake  of  the 
sugar  and  decreased  its  intake  of  dis- 
tilled water.  This  concentration  was 


taken  as  the  taste  threshold.  As  the 
concentrations  were  increased  still 
higher  the  rats  drank  progressively 
more  of  the  sugar  solution  and  less  of 
the  water  until  a peak  intake  was 
reached  beyond  which  they  decreased 
their  daily  intake  of  the  sugar  solution 
but  still  maintained  their  high  intake 
of  sugar. 

All  of  the  sugars  were  highly 
purified  grade.  Sucrose  (U.S.P.),  glu- 
cose (U.S.P.),  lactose  (U.S.P.),  maltose 
(C.P.),  galactose  (C.P.),  fructose  (C.P.). 

To  demonstrate  effects  produced 
on  sugar  appetites  by  increased 
metabolic  rates  parallel  observations 
were  made  on  hyperthyroid  rats  (0.2, 
0.1,  0.15  per  cent  dessicated  thyroid 
powder  mixed  with  stock  diet). 


RESULTS 


Taste  thresholds 

Table  28-11  shows  the  taste 
threshold  records  for  54  normal  rats 
and  26  rats  made  hyperthyroid  by 
feeding  of  thyroid  powder.  The  table 
shows  that  maltose  had  the  lowest  and 
most  consistent  thresholds.  The  wide 
range  of  variations  in  thresholds  for 
fructose  made  it  useless  to  obtain  av- 
erages. All  of  the  rats  preferred  mal- 
tose, glucose,  sucrose,  fructose,  and 
galactose  to  water  but  none  preferred 
lactose  to  water.  These  differences  are 
illustrated  by  the  two  charts  in  Figure 
28-1.  The  chart  at  the  left  shows  the 
clear  cut  distinction  that  eight  rats 
made  between  glucose  and  distilled 
water.  The  other  chart  shows  that  at 
no  concentration  did  nine  rats  prefer 
lactose  to  water.  Up  to  a 4 per  cent 
lactose  concentration  the  animals 

*Graham  Hour-72. 5%,  skimmed  milk  powder-10. 0%, 
casein-10. 0%,  butter-5. 0%,  calcium  carbonate-1. 5%, 
sodium  chloride-1. 0%. 


showed  no  preference  for  lactose  but 
above  that  they  began  to  refuse  it. 

Maximum  intake  levels  of  the  six 
sugars 

The  two  graphs  in  Figures  28-2  A 
& B show  how  the  maximum  intakes 
of  sugars  were  obtained  for  normal 
and  hyperthyroid  rats.  “A”  shows  that 
glucose  was  offered  to  a normal  rat  in 
concentrations  that  were  increased 
daily  up  to  30  per  cent.  The  intake  of 
the  sugar  solutions  reached  a peak  at 
11  per  cent  and  then  decreased  at  a 
steady  rate  to  30  per  cent.  However, 
with  increasing  concentrations,  intake 
in  weight  of  glucose  remained  about 
the  same  as  at  the  peak.  “B”  shows 
that  at  the  peak  concentration  of  glu- 
cose (9  per  cent)  this  hyperthyroid  rat 
drank  about  twice  the  amount  taken 
by  the  normal  rat. 

The  grams  of  sugar  per  kilogram 


TABLE  28-11 

INDIVIDUAL  TASTE  PREEERENCE  THRESHOLDS  OE  54  NORMAL  AND  26  HYPERTHYROID 
RATS  EOR  SIX  COMMON  SUGARS  IN  PERCENTAGE  CONCENTRATION 
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Note  a:  Mean  and  standard  deviation  not  calculated  due  to  markedly  non-normal  distribution. 
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TABLE  28-III 


i RANKING  OF  THE  APPETITES  SHOWN  BY  NORMAL  AND  HYPERTHYROID  RATS 
FOR  SIX  COMMON  SUGARS  AND  THE  LIMITS  OF  ASSIMILABILITY  OF  THESE 

SUGARS 


AVERAGE  DAILY  INTAKE 
OF  SUGARS  IN  GM/K 

RATIO 

SUGAR  CAL./K 
FOOD  CAL./K 

LIMITS  OF  ASSIMILABILITY 
GM/K 

CONCENTRATIONS  - 9%-30%  INCLUSIVE 

MENDEL  AND  JONES 
(1920) 
RABBITS 

ARIYAMA  AND  TAKAHASI 
(19291 

NORMAL  RATS 
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Figure  28-1  Graphs  showing  average  taste  thresholds  for  eight  rats  on  glucose 
and  for  nine  rats  on  lactose. 


body  weight  obtained  at  various  con- 
centrations by  normal  rats  “A”  and 
hyperthyroid  rats  “B”  are  shown  in 
Figure  28-3.  Normal  rats  ingested 
maltose  and  glucose  in  the  highest 
quantities  and  galactose  and  lactose  in 
the  smallest;  the  hyperthyroid  rats  fol- 
lowed a similar  pattern  of  preferences 
(largest  quantities  of  maltose  and  glu- 
cose and  the  smallest  amounts  of 
galactose  and  lactose). 

Figure  28-4  shows  for  the  hyper- 
thyroid rats  the  average  intake  at  the 
various  concentrations  of  the  six 
sugars  in  ratios  of  calories  per  kilo- 
gram body  weight  of  the  sugars  to 
calories  per  kilogram  body  weight  of 
the  food.  Maltose  had  the  highest 
ratio;  then  came  glucose,  sucrose, 
fructose,  galactose  and  lactose  in  de- 
•scending  ratios. 

Comparison  of  rankings  of  the  var- 
ious sugars  on  basis  of  intake  with 
their  rankings  on  basis  of  various 
characteristics  shown  in  Table  28-1 
failed  to  establish  any  agreement  with 
molecular  weight,  solubility,  sweet- 


ness, intestinal  absorption  rate  or 
hyperglycemia;  but  it  did  bring  out 
very  close  agreement  with  the  “limits 
of  assimilability.”  Table  28-III  shows 
this  relationship  in  more  detail  for 
concentrations  of  the  sugars  from 
9-30  per  cent  inclusively.  To  make 
possible  comparison  of  ranking  of 
sugars  on  basis  of  intake  and  their 
limits  of  assimilability,  values  of  both 
are  represented  by  line  scales  of  the 
same  length — the  sugar  with  the 
highest  value  in  each  instance  being  at 
the  top.  The  first  scale  at  the  left 
shows  the  daily  intake  of  the  six 
sugars  in  grams  per  kilogram  for  the 
54  normal  rats;  the  second  scale  shows 
the  intake  in  grams  per  kilogram  for 
the  21  hyperthyroid  rats;  the  third 
shows  ratios  of  sugar  to  food  intake  in 
calories  per  kilogram  body  weight. 
These  ratios  agree  very  closely  with 
the  ranking  of  sugars  for  limits  of 
assimilability,  grams  per  kilogram 
body  weight,  determined  first  by 
Mendel  and  Jones  ^ on  normal  rabbits 
and  then  by  Ariyama  and  Takahasi  * 


BODY  WEIGHT  IN  GRAMS 
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PEW  CeWT  COWCEWTRATIOWS  OF  0LUC08E  SOLUTIONS 


THYROID  POWDERS 0.2X 0 1% OJiSlT 


Figure  28—2  Graphs  of  taste  preference  curves  for  glucose  for  an  individual 
normal  rat  (A)  and  an  individual  hyperthyoid  rat  (B)  showing  parts  of  curves 
(concentrations-9-30  per  cent)  used  in  determining  maximum  intake  of  the 
various  sugars. 

on  normal  rats.  The  ranking  is  so  is  determined  by  the  “limits  of  as- 
close  it  leaves  little  doubt  that  the  similability”  of  the  sugars, 
amount  of  sugars  ingested  by  the  rats 


RATS  EAT  FOR  CALORIES 


Further  study  of  the  data  obtained 
from  these  taste  threshold  studies 
brings  out  a principle  of  self-selection 
of  diets — rats  eat  for  calories.  It  was 
found  in  the  present  experiments  in 
which  rats  had  a choice  of  sugar  solu- 
tions and  stock  diet,  that  as  they  in- 


creased their  caloric  intake  from  in- 
creasing concentrations  of  the  sugars, 
they  decreased,  in  direct  proportion, 
their  caloric  intake  from  the  stock 
diet.  As  may  be  seen  in  Figure  28-5, 
their  total  caloric  intake  remained  the 


same. 
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TASTE  PREFERENCE  THRESHOLDS 

SUGAR  INTAKE  IN  GRAMS  PER  KILOGRAM  BODY  WEIGHT 


515  CeWT  CONCENTIUTIONS  Of  SUOORa 


PER  CENT  C0HCENTRRTI0H3  OF  SU8RR8 


Figure  28-3  Graphs  for  normal  rats  (A)  and  hyperthyroid  rats  (B)  showing  an 
average  daily  intake  of  the  six  sugars  at  concentrations  from  9-30  per  cent 
inclusively  in  grams  per  kilogram  body  weight. 


NEUROLOGY  OF  “LIMITS  OF  ASSIMILABILITY” 

At  present  we  have  no  idea  about  Knowledge  of  this  mechanism 
location  of  mechanisms  in  the  brain  might  throw  light  on  the  problem  of 
that  make  the  rat  stop  eating  when  the  obesity, 
limit  of  assimilability  is  reached. 

NUTRITIVE  VALUES  OF  SIX  COMMON  SUGARS 


Results  of  the  present  experiments  It  remains  to  be  shown  whether  the 
demonstrated  the  great  differences  in  appetite  levels  bear  a direct  relation- 
appetites  shown  by  rats  for  the  six  ship  to  the  nutritive  value  of  the 
common  sugars.  sugars. 
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PER  CENT  CONCENTRATIONS  OF  SUGARS 


Figure  28-4  Graphs  showing  average  intake 
of  six  sugars  in  concentrations  of  9-30  per 
cent  for  hyperthyroid  rats. 

To  determine  the  nutritive  values 
we  used  what  we  have  called  the 
“single-food  choice”  method:  rats  of  a 
standard  age  and  weight  were  re- 
stricted to  one  sugar  and  water  or  one 


sugar  and  a 0.02  per  cent  solution  of 
thiamine  hydrochloride.  Survival  time 
was  used  as  a measure  of  the  nutritive 
value.  Records  were  also  taken  on 
spontaneous  running  activity,  food 
and  fluid  intake  and  body  weight. 

One  example  should  suffice  to  illus- 
trate this  technique.  Figure  28-6 
shows  the  daily  total  activity  of  a nor- 
mal rat  kept  on  our  stock  diet  and 
then  placed  on  a single-food  diet  of 
dextrose.  On  dextrose  alone  this  rat 
survived  36  days;  on  dextrose  and  the 
solution  of  thiamine  hydrochloride 
the  other  rat  survived  76  days.  Both 
rats  lost  weight  at  constant  rates  on 
the  single-food  choice  diet,  but  they 
remained  very  active — running  as 
much  as  10-15  miles  per  day  for 
weeks.  Although  these  rats  received 
no  protein,  no  fat,  no  minerals  or  vit- 
amins except  they  showed  no  signs 
of  deficiency — no  loss  of  teeth  or  hair. 
Clearly  dextrose  by  itself  must  have  a 
very  high  energy  value.  Maltose,  su- 
crose, and  fructose  showed  similar 
records.® 

How  do  these  results  square  with 
the  general  belief  in  the  harmful  ef- 
fects of  the  sugars? 

Results  of  these  and  other  experi- 
ments from  my  laboratory  indicate 
that  harmful  effects  produced  by  in- 
gestion of  sugars  do  not  result  from 
the  sugars  themselves,  but  from  other 
ingredients  of  the  diet.  Thus,  for 
example,  while  rats  on  a normal  diet 
but  lacking  in  magnesium  will  show 
audiogenic  fits  in  10-14  days  and  also 
other  signs  of  deficiencies,  none  of 
these  symptoms  appeared  in  rats  kept 
on  the  single-sugar  choice  diet  during 
their  lifetimes  of  60-75  days. 


intake  calories  per  kilogram  body  weight 
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CANE  SUGARS 

TASTE  PREFERENCE  THRESHOLDS 


TOTAL  CALORIC 


PER  CENT  CCWCENTRATIONS  OF  SUCROSE 


INTAKE  OF  HYPERTHYROID  RATS 


ooop  — csJfO^mtONaoo 
6066666060666  — lOtOKp)— io«o<oo 

OJNfO 

PER  CENT  CONCENTRATIONS  OF  FRUCTOSE 


Figure  28-5  Graphs:  A-showing  caloric  intake  from  sucrose  and  stock  diet,  and 
total  caloric  intake  (from  sucrose  and  food)  on  the  successively  higher  concentra- 
tions of  sucrose  in  this  taste  preference  test.  B-same  for  fructose. 


In  summary,  results  of  our  observa- 
tions on  the  sugars  have  demon- 
strated the  existence  of  three  princi- 
ples on  self-selection  of  diets: 

1.  Taste  may  determine  whether  a 
rat  will  ingest  a sugar. 

2.  “Limits  of  assimilability”  deter- 
mine how  much  of  a sugar  the 
animal  will  ingest. 

3.  Under  a wide  range  of  condi- 
tions rats  eat  for  calories.  This 
was  first  demonstrated  in  experi- 


ments on  alcohol.^®  It  is  almost 
impossible  to  force  a normal  rat 
to  eat  more  than  its  fixed  limit  of 
calories. 

These  results  have  also  demon- 
strated the  high  levels  of  assimilability 
of  maltose,  particularly  in  hyper- 
thyroid rats;  and  the  definitely  lower 
and  consistent  maltose  taste 
thresholds  in  both  normal  and  hyper- 
thyroid rats. 
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ACTIVITY  IN 
NUMBER  OF 

REVOLUTIONS  ^ DAILY  RUNNING  ACTIVITY 


VAGINAL  SMEARS 


Figure  28-6.  Graphs  showing  results  of  single-food  experiments  in  which  rat 
“A.”  had  access  only  to  dextrose  and  water;  and  “B”  access  only,  to  dextrose  and  a 
0.02  per  cent  solution  of  thiamine  hydrochloride.  Graphs  show  daily  intake  of 
stock  diet  and  dextrose  in  grams;  spontaneous  running  activity  in  revolutions  of 
a drum;  and  weekly  body  weight.  The  graphs  also  show  cornified  cells,  leuco- 
cytes and  epithelial  cells  in  vaginal  smears.  The  rat  on  dextrose  lived  36  days;  the 
rat  on  dextrose  and  Bi  lived  76  days. 
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Chapter  29 


ROLE  OF  HEDONIC  PROCESSES  IN  THE 
DEVELOPMENT  OF  SWEET  TASTE 
PREFERENCES 


Paul  Thomas  Young 

I will  first  consider  some  funda-  of  hedonic  processes  in  development 
mental  concepts  and  definitions.  And  of  sweet  taste  preferences.  And, 
then,  describe  experimental  methods  finally,  some  theoretical  discussion, 
and  typical  results  relating  to  the  role 

CONCEPTS  AND  DEFINITIONS 


Appetitive,  neutral  and  aversive 
effects  of  stimulation 

Sensory  stimulations  elicit  positive, 
neutral,  and  negative  effects.  Positive 
effects  are  appetitive  leading  the  or- 
ganism to  continue  and  repeat  the 
conditions  that  produce  them.  Neu- 
tral, or  nearly  neutral,  hedonic  effects 
are  found  in  observant,  exploratory, 
and  manipulative  behavior.  Neutral 
effects  occur  also  in  some  reflexive, 
habitual,  automatic  reactions.  Nega- 
tive effects  are  aversive  leading  the  or- 
ganism to  terminate,  escape  from, 
and  avoid  the  conditions  that  elicit 
them. 

These  appetitive,  neutral,  and  aver- 
sive effects  depend  upon  neural  struc- 
tures that  are  the  final  product  of  mil- 
lions of  years  of  organic  evolution. 
There  are  built-in  neural  mechanisms 
that  regulate  behavior.  For  example, 
many  organisms  have  innate  neural 
structures  that  make  a sweet  taste  ap- 
petitive, pleasant,  and  a bitter  taste 
aversive,  unpleasant. 


To  represent  adequately  the  posi- 
tive and  negative  effects  of  stimula- 
tion, and  the  pleasantness  and  un- 
pleasantness which  we  feel,  two  di- 
mensions are  needed.  (See  Figure 
29-1.)  One  dimension  is  the  level  of 
activation — the  degree  of  excitement 
produced  by  a stimulating  situation. 
The  other  dimension  represents  the 
hedonic  continuum.  This  is  a bipolar 
continuum  with  positive  affective 
arousals  at  one  extreme  and  negative 
at  the  other.  Arrows  in  Figure  29-1 
represent  two  directions  of  hedonic 
change:  toward  the  positive  pole  or 
toward  the  negative.  Affective  pro- 
cesses run  a temporal  course.  They 
vary  in  sign  (positive  or  negative),  in- 
tensity, and  duration. 

Sensory  and  preferential 
discrimination 

A distinction  can  be  drawn  between 
sensory  and  preferential  discrimination. 
We  can  easily  discriminate  between 
black  and  white  or  between  sweet  and 
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bitter  tastes.  These  discriminations 
are  sensory,  not  preferential.  Prefer- 
ence can  be  defined  as  an  evaluative 
choice. 

In  studies  of  food  preferences  ani- 
mals are  offered  a choice.  The  selec- 
tion of  one  food  rather  than  another 
may  depend  upon  its  position  or  upon 
a habit  of  choice  that  has  already  been 
set  up.  In  many  cases,  however,  the 
choice  depends  upon  the  relative 
palatability  of  the  test  foods.  Palatabil- 
ity  can  be  defined  as  the  hedonic 
response  to  a food. 

The  hedonic  response  may  be 
pleasant,  appetitive  or  unpleasant, 
aversive.  There  are  varying  degrees 
of  positive  and  negative  palatability. 

It  is  my  thesis  that  the  immediate 
hedonic  effect  of  sensory  stimulation 
organizes  behavior  and  leads  to 
the  development  of  preferential 
behavior.  With  human  beings  the 
pleasantness  or  unpleasantness  of 
contact  with  foodstuffs  determines 
acceptance,  rejection,  and  preference. 
With  non-human  animals  palatability 
also  determines  choice  and  palatabil- 
ity can  be  demonstrated  within  a 
strictly  objective  frame  of  reference. 

There  are  also  delayed  hedonic 
effects  that  can  influence  choice.  Sub- 
jective feelings  of  comfort  and  dis- 
comfort follow  the  ingestion  of  cer- 
tain foods.  We  are  familiar  with  the 
“green  apple”  effect.  With  non- 
human animals  there  are  deferred 
beneficial  or  detrimental  effects  that, 
through  memory,  can  become  as- 
sociated with  the  ingestion  of  particu- 
lar foods.  If  an  animal  associates  in- 
gestion of  a particular  food  with  some 
beneficial  effect  or  with  relief  from  a 
detrimental  effect,  a habit  of  dietary 
selection  may  become  established.  If 
the  deferred  hedonic  effect  is  nega- 
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Figure  29-1.  Two  dimensions  of  motivation; 
activation  and  hedonic  value. 


tive,  as  with  toxic  substances,  aversive 
behavior  may  develop.  Hedonic  ef- 
fects presumably  regulate  behavior  at 
the  intraorganic  level  as  well  as  the 
oropharyngeal  level. 

Therefore,  the  choice  of  foods  may 
be  determined  by  immediate  or  de- 
ferred hedonic  effects  or  by  estab- 
lished habits.  With  man  the  choice  of 
foods  may  also  rest  upon  rational 
grounds.  A person  decides  that  one 
course  of  action  is  more  desirable 
than  another.  Rational  considerations 
influence  choice  and  preference.  If 
people  are  told  that  dental  caries  fol- 
low the  ingestion  of  sugar  or  that 
smoking  is  injurious  to  health,  the 
information  will  to  some  extent  influ- 
ence behavior.  But  rational  decision 
must  contend  with  powerful  instinc- 
tive tendencies,  with  addictive  habits, 
and  acquired  tolerances.  Sugar  is 
innately  sweet  and  pleasing.  This  is  a 
fact  of  life. 
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The  brief-exposure  preference  tester 

The  brief-exposure  preference 
tester  was  used  extensively  in  our 
early  studies  of  the  food  preferences 
of  rats.  Figure  29-2  is  a floor  plan  of 
the  apparatus.  Two  test  foods  (F), 
solid  or  liquid,  are  presented  in  tubes 
or  cups  at  the  center  of  an  open  field. 
A rat  is  placed  in  the  starting  box  (B) 
with  the  door  (D)  closed.  After  a brief 
delay  in  the  box  the  door  is  raised  and 
the  rat  is  free  to  approach  the  test 
foods.  The  behavior  of  the  animal  is 
observed  through  a window  (W). 

When  a rat  has  accepted  one  and 
the  same  food  from  1 to  4 seconds 
both  foods  are  lowered  out  of  reach 
and  their  positions  interchanged  for 
the  next  run.  A preference  is  re- 
corded for  the  food  that  first  elicited 
sustained  contact. 

The  rats  are  trained  to  shuttle  back 
and  forth  between  box  and  foods. 
Being  rewarded  by  a sip  or  nibble  of 
the  incentives  on  each  round  trip,  the 
animals  soon  learn  the  shuttle  pat- 
tern. During  a session  of  ten  to  fifteen 
minutes  it  is  usually  possible  to  ob- 
serve a significant  series  of  choices. 
Some  of  the  series  reveal  position 
habits — the  animal  repeatedly  taking 
the  food  at  his  right  or  left.  Other 
series  clearly  show  the  development 
of  consistent  food  preferences. 

Now  consider  some  of  the  findings 
in  early  studies  with  the  brief- 
exposure  preference  tester: 

Preferential  hierarchies.  Preference 
tests  with  solid  and  liquid  foods  have 
repeatedly  shown  that  test  foods  ar- 
range themselves  into  a hierarchy 
from  low  to  high  levels  of  acceptabil- 
ity. The  series  is  transitive.  If  food  A is 


Figure  29—2.  Floor  plan  of  the  brief-exposure 
preference  tester. 

preferred  to  B,  and  B to  C,  then  A is 
preferred  to  C.  When  exceptions  to 
this  rule  of  transitivity  occur,  we  are 
safe  in  assuming  that  the  conditions 
that  determine  acceptability  have 
changed. 

Figure  29-3  shows  the  preferential 
hierarchies  of  ten  rats  tested  with  all 
possible  paired  comparisons  of  six 
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Preferential  Hierarchies  of  Ten  Rats  Tested  with  Six  Foods 


Rat  Preferential  Hierachy 
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Figure  29-3.  Preferential  hierarchies  of  ten  rats  tested  with  six  foods.  From 

Young  (1933). 

foods. The  foods  are  symbolized 
by  letter  as  follows:  M = fresh 

milk,  standardized  at  4%  butterfat; 

S = granulated  cane  sugar,  extra  fine; 

W = whole  wheat  powder,  freshly 
ground;  D = dehydrated  milk  (a 
commercial  product  known  as 
KLIM — which  is  milk  spelled  back- 
wards); F = commercial  white  flour 
made  from  wheat;  and  B = butterfat 
prepared  for  the  experiment.  The 
striking  feature  of  this  chart  is  the 
uniformity  of  preference  within  the 
group  of  subjects.  Individual  differ- 
ences in  preference  do  occur  but  they 
are  always  between  two  foods  that  are 
close  together  in  the  hierarchy  for  the 
group  as  a whole. 

Preferential  trends  and  shifts.  In  an 
early  study  with  the  brief-exposure 
technique,  sugar  was  used  as  a stand- 


ard which  was  tested  against  four 
other  foods. The  comparison  foods, 
in  order,  were  flour,  wheat,  butterfat, 
and  milk. 

Figure  29-4  shows  the  percent  of 
choices  made  for  each  pair  of  foods  by 
a group  of  three  male  rats.  Percent- 
ages greater  than  50%  indicate  the 
preferred  food.  Inspection  of  this 
figure  reveals  several  outstanding  fea- 
tures: (1)  In  every  series  of  tests  there 
is  a consistent  preference.  Sugar  is 
preferred  to  flour,  to  wheat,  to  butter- 
fat. Milk  is  preferred  to  sugar.  (2)  In 
every  series  of  successive  tests  there  is 
a preferential  trend,  i.  e.,  a more  or 
less  steady  increase  in  the  percent  | 
choices  of  the  preferred  food.  The 
trend  shows  the  gradual  development  , 
of  a preferential  habit.  The  slope  of 
the  trend,  as  we  shall  see,  depends 
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Figure  29-4.  Percent  choices  of  sugar  (sucrose)  tested  against  flour,  wheat, 
butterfat  and  milk  during  successive  tests.  From  Young  (1933). 


upon  the  difference  in  palatability  be- 
tween the  pair  of  test  foods.  (3)  When 
one  test  food  was  suddenly  substi- 
tuted for  another  there  was  an  abrupt 
shift  in  the  percent  of  choices.  These 
abrupt  changes,  I believe,  are  motiva- 
tional. They  reflect  a dynamic  differ- 
ence of  arousal  between  two  incen- 
tives. (4)  The  more  gradual  preferen- 
tial trends  indicate  learning.  They 
show  the  cumulative  effects  of 
repeated  trials  with  differential 
reinforcements. 

In  a later  study  preference  tests 
were  made  with  three  foods  of  known 
palatability:  cane  sugar  (S),  wheat 
powder  (W),  and  casein  (C).^^  (See 
Figure  29-5)  Sugar  is  preferred  to 
wheat.  Both  foods  are  highly  accept- 
able and  the  difference  in  palatability 
between  them  is  small.  Casein  is  ac- 
cepted by  rats  but  the  palatability  level 
is  low.  Hence  the  preferential  hierar- 
chy is:  S > W > C. 

In  this  study  every  possible  pair 
of  foods  was  tested  for  preference. 


Figure  29-5.  Stability  of  the  hierarchy  when 
practice  in  preferential  discrimination  is 
equally  distributed  with  pairs  of  test  foods. 
Sugar  (S)  is  slightly  more  palatable  than 
wheat  (W).  Both  S and  W are  much  more 
palatable  than  casein  {C).From  Young  (1947). 
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Cycles  of  preference  testing  were 
arranged  so  that  no  food  had  any 
advantage  of  position  or  priority. 
There  were  five  successive  cycles  of 
preference  tests.  During  the  last  cycle 
an  epizootic  of  respiratory  disease 
swept  through  the  colony  of  30  rats 
but  preference  testing  was  continued. 

Figure  29-5  shows  the  results  of  the 
experiment.  The  preferential  trend 
for  sugar  vs.  wheat  is  not  far  above  the 
50%  chance  level.  Sugar  is  preferred 
to  wheat  but  the  difference  in  palata- 
bility  between  these  foods  is  relatively 
small.  The  curves  for  sugar  vs.  casein 
and  wheat  vs.  casein  are  relatively 
high  in  percentage  of  preference. 
Both  sugar  and  wheat  are  very  much 
more  palatable  to  rats  than  casein. 

Now  the  outstanding  feature  of  this 
chart  is  that  the  preferential  hierarchy 
remains  unchanged  when  practice  is 
equally  distributed  among  the  three 
pairs  of  test  foods.  Even  the  epizootic 
during  cycle  5 did  not  change  the 
preferential  hierarchy.  When  sick,  the 
rats  were  slow  in  running  and  less  dis- 
criminating between  pairs  of  test 
foods  but  the  preferential  hierarchy 
was  stable. 

A general  conclusion  from  this 
study  is  that  the  preferential  trend 
depends  upon  repetition  or  practice 
in  making  a discrimination.  This  is  a 
process  of  learning.  The  hedonic  rela- 
tions, however,  are  independent  of 
learning.  They  are  relatively  stable. 

Psychophysical  studies  with 
solutions  of  sucrose  and  saccharin 

One  of  the  simplest  and  best 
methods  of  testing  the  preferences 
of  rats  was  employed  by  Dr.  C.  H. 
Madsen.^'  In  this  method  the  animal 
is  confined  to  a small  cage  with  two 


stainless  steel  nozzles  at  the  front.  The 
nozzles  are  connected  to  burettes  that  •; 
contain  the  test  fluids.  During  an  ac-  I 
tual  test,  for  example,  one  burette  j 
might  contain  a sucrose  solution  of  || 
1%  and  the  other  a solution  of  sodium  j 
saccharin  of  0.4%. 

Figure  29-6  shows  one  unit  of  an  i 
electronic  preference  tester  that  re-  , 
cords  separate  tongue  contracts  ! 
cumulatively  but  Dr.  Madsen  did  not  I 
use  the  electronic  device.  Instead  he  i 
used  a direct  manual  method  of  pre-  j 
sentation  and  timing;  | 

At  the  start  of  a trial,  one  nozzle  is  i 
inserted  into  the  cage.  After  the  rat  ' 
has  taken  a few  licks  this  nozzle  is 
withdrawn  and  the  other  inserted  for  I 
a few  licks.  Immediately  after  this 
forced  sampling  both  nozzles  are  in-  | 
serted  together.  The  rat  is  now  free  to  | 


erence  tester. 
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sample  the  fluids  back  and  forth  or  to 
accept  one  rather  than  the  other.  Ob- 
j servation  continues  until  one  and  the 
I same  fluid  has  been  accepted  con- 
I tinuously  for  5 to  10  seconds.  Then 
j both  nozzles  are  withdrawn  and  a 
preference  recorded  for  the  fluid  that 
first  elicited  sustained  drinking.  Tim- 
ing is  controlled  by  a series  of  audi- 
tory signals  at  5-second  intervals. 

In  a series  of  trials  the  relative  posi- 
tions of  burettes  and  the  order  of  pre- 
liminary sampling  are  staggered  to 
control  space  and  time  factors. 

To  determine  hedonic  equality  of 
two  fluids  the  psychophysical  up- 
and-down  method  is  employed.^  With 
this  method  the  sucrose  concentration 
is  varied  up  and  down  from  trial  to 
trial.  From  the  data  the  sucrose  con- 
centration that  yields  hedonic  equiva- 
lence can  be  computed. 

Hedonic  equivalence  of  solutions  of  su- 
crose and  sodium  saccharin.  Figure  29-7 
shows  the  hedonic  equivalence  func- 
tion for  solutions  of  sucrose  and 
sodium  saccharin.  Vertical  lines  cross- 
ing the  curve  indicate  the  range  of 
individual  measures  of  hedonic  equal- 
ity for  a group  of  eight  rats  tested 
individually.  The  solid  curve  is  the 
mean  hedonic  equivalence  function 
for  the  group  as  a whole.  On  the  basis 
of  this  curve  I estimated  that  the 
optimal  concentration  for  solutions  of 
sodium  saccharin  is  about  0.5%.  And 
this  optimal  concentration  is  hedoni- 
cally  equivalent  to  a sucrose  solu- 
tion with  a concentration  of  3.5%. 
Incidentially,  human  observers 
report  that  sodium-saccharin  solu- 
tions are  sweet  and  pleasant  up  to  a 
concentration  of  about  0.5%;  higher 
concentrations  become  sharp  and  un- 
pleasant. 

Isohedons  in  the  sucrose-saccharin. 


stimulus  area.  A stimulus  area  repre- 
sents an  infinite  number  of  com- 
pound solutions  containing  two  sol- 
utes. In  Figure  29-8,  for  example,  the 
stimulus  area  is  defined  by  the  con- 
centrations of  sucrose  and  sodium  sac- 
charin. An  isohedon-  is  a curve  showing 
the  location  within  the  area,  of  com- 
pound stimuli  that  are  hedonically 
equal. 

To  obtain  data  for  plotting  an 
isohedon  we  make  a series  of  prefer- 
ence tests.  In  every  trial  there  is  a 
standard  sucrose  solution  with  a con- 
stant concentration  and  a comparison 
solution  with  a fixed  concentration  of 
saccharin.  The  sucrose  concentration 
in  the  compound  is  varied  up  and  down 
from  trial  to  trial.  From  the  data  it  is 
possible  to  compute  the  sucrose  con- 
centration in  the  compound  that 
makes  the  compound  isohedonic  with 
the  simple  sucrose  standard. 

Figure  29-8  shows  a family  of 
isohedons  with  sucrose  standards  of  4, 
8,  16,  and  32  percent  (4,  8,  16,  32 
CHO).  Each  isohedon  makes  a dip 
where  the  saccharin  concentration  in 
the  compound  is  0.5%.  The  dip  indi- 
cates that  the  presence  of  saccharin  in 
the  compound  makes  a positive  con- 
tribution to  palatability.  Concentra- 
tions above  this  optimal  value  increas- 
ingly impair  the  palatability  of  the 
compound. 

The  location  of  optimal  palatability 
in  this  family  of  four  isohedons  agrees 
with  the  location  in  the  hedonic 
equivalence  function. 

Isohedons  have  been  plotted  in  sev- 
eral other  gustatory  stimulus  areas 
and  in  an  auditory  area  of  pure  tones 
defined  by  the  frequency  and  energy 
of  the  auditory  stimulus. In  gen- 
eral, these  psychophysical  studies 
show:  (1)  That  positive  and  negative 
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Figure  29-7.  Hedonic  equivalence  of  solutions  of  sucrose  and  sodium  saccharin. 
From  Young  and  Madsen  (1963). 


affective  arousals  summate  algebra- 
ically. (2)  That  hedonic  integration  oc- 
curs across  sensory  modalities.  For 
example,  a shock  on  the  foot  deliv- 
ered simultaneous  with  gustatory  con- 
tact has  the  same  influence  on  palata- 
bility  as  the  addition  of  quinine  to  the 
taste  solution.  (3)  That  hedonic  inte- 
gration follows  precise  laws  of  combi- 
nation that  are  independent  of  sens- 
ory laws. 

Let  us  now  consider  another 
method  of  testing  preferences: 

The  intake  preference  method 

The  intake  method  of  studying 
preferences  has  been  used  extensively 
by  Richter  and  many  others.  The 


method  will  be  illustrated  by  two 
figures  borrowed  from  Richter.*^ 

Figure  29-9  shows  several  indi- 
vidual cages.  Each  cage  is  equipped 
with  two  or  more  graduated  bottles 
containing  test  fluids.  The  rat  is  of- 
fered a continuous  choice  of  the 
fluids.  The  experimenter  takes  a read- 
ing of  the  volume  of  fluid  in  the  tubes 
before  exposure  and  again,  24  hours 
later,  after  exposure.  From  the  two 
readings  the  daily  intake  of  a fluid  can 
be  determined. 

A typical  result  is  shown  in 
Figure  29-10.  The  test  fluids  were 
two  sugars:  sucrose  and  maltose.  At 
the  start  of  the  experiment  both 
graduated  bottles  were  filled  with  dis- 
tilled water  and  the  positions  were 
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Figure  29-8.  Isohedons  in  the  sucrose-sodium  saccharin  stimulus  area.  Sucrose 
(CHO)  hedonic  standards  were  4,  8,  16,  32  percent.  From  Young  and  Madsen 
(1963). 

interchanged  from  day  to  day.  Then  a throughout  the  experiment  and  daily 
subliminal  concentration  of  sugar  measures  of  intake  were  made, 
solution  was  presented  in  one  of  the  The  illustration  shows  the  average 
bottles.  The  sugar  concentration  was  daily  fluid  intake  for  a group  of  rats, 
gradually  increased,  day  by  day,  There  are  three  critical  concentra- 
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Figure  29-9.  Individual  cages  for  tesUng  preference  with  the  continuous  intake 
method.  Courtesy  of  Dr.  Curt  P.  Richter. 


tions.  First,  the  preferential  threshold 
is  the  concentration  at  which  the  ani- 
mals begin  to  show  a signihcant  pref- 
erence for  the  sugar  solution.  Second, 
there  is  the  concentration  (about 
10%  for  sucrose)  at  which  intake 
of  the  sugar  solution  is  maximal. 
Third,  there  is  the  indifference 
concentration — a concentration  above 
the  threshold  at  which  the  intake  of 
sugar  solution  and  distilled  water  are 
again  equal. 

Some  pairs  of  fluids,  especially 
when  one  fluid  is  hedonically  nega- 
tive, do  not  show  a peak  of  maximal 
intake  and  an  indifference  concentra- 


tion. Many  toxic  substances  are  con- 
sistently rejected  at  threshold. 

Richter  has  stated  that:  ''Solutions 
preferred  in  any  concentration  to  water  by 
the  rats  are  apt  to  have  nutritional  value, 
while  those  which  are  not  preferred  to 
water  in  any  concentration  are  apt  to  have 
no  nutritional  value  or  to  be  toxic.” 

Further,  Richter  has  claimed  that  if 
rats  are  maintained  on  the  compo- 
nents of  a complete  and  fully 
adequate  diet,  presented  in  separate 
containers,  they  are  able  to  select  and 
balance  a diet  that  yields  normal 
growth,  reproduction  and  health. 
The  animals  are  equipped  with  self- 
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Figure  29-10.  Average  daily  intake  of  sucrose  and  maltose  tested  with  the 
continuous  intake  method.  Courtesy  of  Dr.  Curt  P.  Richter. 


regulatory  mechanisms  that  enable 
them  to  meet  metabolic,  homeostatic, 
and  nutritional  needs.  This  doctrine 
that  a self-selected  diet  is  nutritionally 
adequate,  however,  has  been  the  sub- 
ject of  considerable  controversy. 

Nutritional  need,  habit  and  preference. 
To  study  the  relation  between  nutri- 
tional need  and  preference  Dr.  J.P. 
Chaplin  and  I maintained  groups  of 
rats  in  large  cafeteria  cages  upon 
an  eleven-component  self-selected 
Richter  diet.^*^  Every  animal  in  the 
group  had  unlimited  access  to  the 
eleven  components  which  were  pre- 
sented in  separate  containers.  Two 
of  the  components  were  sucrose — 
a source  of  carbohydrate  and 
energy — and  casein — a source  of  pro- 
tein which  is  necessary  for  normal 
metabolism  and  growth. 

From  birth  the  rats  were  main- 
tained on  a stock  laboratory  diet. 


When  placed  in  the  cafeteria  on  the 
first  day  they  ingested  excessive  quan- 
tities of  sucrose  and  casein  and,  inci- 
dentally, they  developed  diarrhea. 
After  a few  days  for  adjustment  to  the 
cafeteria  diet  the  average  daily  intake 
of  sucrose  and  casein  stabilized.  The 
daily  intake  of  casein  was  consistently 
higher  than  that  of  sucrose  as  shown 
by  10-day  averages.  If  relative  intake 
measures  preference,  we  would  have 
to  conclude  that  casein  is  preferred  to 
sucrose. 

At  the  start  of  the  experiment  all 
rats  were  given  a brief-exposure  pref- 
erences test.  There  was  a uniform 
preference  of  sucrose  to  casein.  Pref- 
erence tests  were  repeated  at  differ- 
ent stages  of  the  experiment.  The  re- 
sult was  always  the  same:  sucrose  is 
preferred  to  casein. 

A metabolic  and  nutritional  need 
for  protein  was  then  created  by  re- 
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moval  of  casein  from  the  cafeteria 
maintenance  cages.  Protein  starvation 
steadily  increased  day  by  day.  Despite 
a growing  need  for  protein  the  ani- 
mals developed  a preference  for  su- 
crose when  tested  with  the  brief- 
exposure  technique.  After  29  days  of 
protein  starvation  the  need  for  pro- 
tein was  severe  and  obvious  but  the 
rats  increasingly  developed  a consist- 
ent preference  for  the  sweet-tasting 
sugar. 

At  this  stage  of  the  experiment  we 
tested  the  rats  individually  in  the 
cafeteria  cage.  The  hoppers  contain- 
ing sucrose  and  casein  were  widely 
separated  and  in  familiar  locations. 
Each  animal  made  a series  of  runs  to 
sucrose  or  to  casein,  being  rewarded 
by  a brief  nibble  of  the  food  selected. 
The  test  foods  were  far  apart  and  the 
rat  had  to  choose  between  a run  to 
casein  or  a run  to  sucrose. 

Under  these  conditions  all  animals 
promptly  and  consistently  developed 
a running-to-casein  preference.  For  a 
while  we  could  demonstrate  two 
simultaneous  and  incompatible 
choices!  When  placed  on  the  brief- 
exposure  apparatus  with  foods  close 
together  and  positions  altered  from 
trial  to  trial  the  rats  preferred  sucrose. 
A few  minutes  later  when  tested  with 
foods  in  hxed  familiar  positions  the 
rats  preferred  casein.  Now  simultane- 
ous incompatible  “preferences”  re- 
quire an  explanation! 

We  assumed  that  there  are  two 
kinds  of  preference:  one  based  on 
palatability  and  the  other  based  on 
organic  need  and  appetite.  We  as- 
sumed that  our  result  was  a function 
of  the  method  of  testing  preferences. 

Then  followed  a tedious  series  of 
control  experiments  in  which  we 
compared  the  method  where  foods 


are  close  together  and  positions 
changed  from  trial  to  trial  with  the 
method  with  foods  apart  in  hxed  posi- 
tions as  in  the  T maze.^^  The  net  re- 
sult was  negative.  Under  identical 
conditions  of  deprivation  and  practice 
the  foods-together  and  foods-apart 
methods  yielded  the  same  prefer- 
ences. Consequently  we  assumed  that 
a habit  of  preferring  sugar  had  de- 
veloped on  the  preference  tester  and 
that  this  habit  persisted  during  pro- 
tein starvation.  The  true  preference 
for  casein  developed  on  the  other  ap- 
paratus in  complete  agreement  with 
metabolic  and  nutritional  needs. 

I formulated  this  principle:  Dietary 
habits  tend  to  form  so  that  they  meet 
metabolic  and  nutritional  needs  but  estab- 
lished habits  persist  even  though  opposed  to 
bodily  needs.  The  function  of  dietary 
habits  is  to  stabilize  intake. 

This  conclusion  was  verihed  by 
Mr.  Tatsuhiko  Tomita  in  Tokyo 
(personal  communication)  who  re- 
peated the  experiment  under  slightly 
changed  conditions.  (See  Figure  29- 
11.)  Mr.  Tomita  used  the  brief- 
exposure  technique  for  tests  with  ca- 
sein and  two  sugars — sucrose  and  glu- 
cose. He  found  that  sucrose  was  pre- 
ferred to  glucose  and  both  of  these 
sugars  were  preferred  to  casein.  He 
then  introduced  a period  of  casein 
deprivation.  At  first  the  preferential 
hierarchy  did  not  change.  Then  the 
acceptability  of  casein  rose  first  above 
glucose  and  then  above  sucrose. 
When  casein  deprivation  was  termi- 
nated the  preferential  hierarchy  did 
not  immediately  change.  Later,  how- 
ever, the  acceptability  level  of  casein 
declined  first  below  sucrose  and  then 
below  glucose  to  its  original  position. 

The  view  that  homeostatic  needs 
influence  palatability  agrees,  of 
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Figure  29-11.  Change  in  the  relative  acceptability  of  casein  produced  by  casein 
(protein)  deprivation.  Redrawn  after  Mr.  Tatsuhiko  Tomita. 


course,  with  common  sense.  We  know 
that  a sip  of  water  “tastes  better”  when 
thirsty  than  when  satiated  by  drinking 
and  that  a beef  steak  “tastes  better” 
when  hungry  than  after  a banquet. 

The  stabilizing  role  of  food  habits 

Consider  now  the  role  of  food 
habits  in  stabilizing  intake. 

During  the  early  days  of  vitamin  re- 
search L.J.  Harris  and  co-workers,  in 
England,  performed  some  interesting 
experiments  on  the  self-selection  of 
diets  by  laboratory  rats.^  These  work- 
ers maintained  rats  on  a basal  diet 
which  could  be  made  inadequate  by 
withdrawal  of  the  vitamin-B  complex. 
The  rats,  suffering  from  avitaminosis, 
were  offered  a free  choice  among  six 
or  more  supplementary  foods  only 
one  of  which  contained  a small 
but  sufficient  supply  of  the  needed 


vitamin.  The  supplementary  foods 
were  differently  flavored  to  aid  in 
identification. 

Intake  records  showed  that  the  rats 
were  unable  to  select  the  food  contain- 
ing the  needed  vitamin.  Avitaminosis 
developed. 

At  this  stage  of  the  experiment  the 
rats  were  “educated.”  Their  “educa- 
tion” consisted  of  offering  them  the 
vitamin-containing  food  alone  for  two 
or  three  days,  without  choice,  until 
they  could  experience  the  curative 
and  beneficial  effects  of  the  diet  and 
associate  these  effects  with  the  charac- 
teristic flavor  of  a food.  During  the 
period  of  “education”  the  animals  re- 
gained lost  weight  and  appetite. 

When  the  “educated”  rats  were 
again  offered  the  original  choice  they 
continued  to  select  the  food  contain- 
ing the  vitamin.  The  vitamin  was  then 
removed  from  this  food  and  placed  in 
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a differently  flavored  food.  The  rats 
continued  to  select  the  food  that  pre- 
viously had  contained  the  vitamin. 
Avitaminosis  again  developed.  It  was 
possible,  however,  to  “re-educate”  the 
rats  by  letting  them  experience  the 
curative  effects  of  a differently  fla- 
vored diet  that  contained  the  needed 
vitamin.  When  given  a choice  they 
continued  to  select  the  vitamin- 
containing  food. 

These  early  experiments  are  ex- 
ceedingly important  for  two  reasons. 
First,  they  demonstrate  that  food 
habits  stabilize  intake  quite  apart  from 
the  nutritional  adequacy  of  the  food. 
Second,  they  imply  that  there  is  an 
hedonic  basis  for  the  organization  and 
development  of  dietary  habits.  Relief  i 
from  the  distress  of  avitaminosis  is  an 
hedonic  change  away  from  negative 
affectivity  and  toward  the  positive 
pole  of  the  hedonic  continuum. 

Reinforcement  without  choice 

The  reinforcing  influence 
hedonic  processes  is  well  shown  in  the 
following  experiment  on  reinforce- 
ment without  choice.^® 

To  explore  the  relation  between 
reinforcement  and  affective  arousal 
Dr.  C.L.  Trafton  made  some  tests 
with  thirty-two  naive  rats  in  four 
equivalent  groups  of  eight  animals 
each.  Each  rat  was  given  an  opportu- 
nity to  ingest  a sugar  solution  for  sixty 
seconds  beginning  with  the  first  con- 
tact. Tongue  contracts  were  counted 
electrically. 

Four  sucrose  solutions  were  used 


with  concentrations  of  1%,  4%,  8%, 
and  32%.  These  concentrations  were 
chosen  because  it  had  been  shown 
that  rats  prefer  the  higher  to  the 
lower  sucrose  concentration  when 
given  a choice.  Hedonic  intensity  is  a 
direct  logarithmic  function  of  sucrose 
concentration. 

The  mean  number  of  licks  during 
successive  60-second  tests  is  shown  in 
Figure  29-12.  There  were  eleven 
daily  tests  during  acquisition  followed 
by  five  tests  with  distilled  water  during 
extinction.  During  the  first  five  days 
(the  first  300  licks  per  rat)  the  rate  of 
licking  was  proportional  to  the  su- 
crose concentration.  There  were  only 
two  minor  inversions  of  this  relation- 
ship on  day  3.  The  curves  show  that 
the  initial  rate  of  licking  is  propor- 
tional to  the  hedonic  intensity  (con- 
centration) of  the  stimulus.  After  five 
days,  however,  the  learning  curve  for 
the  1%  group  remained  consistently 
low  while  the  curves  for  the  other 
groups  cross  and  re-cross  without  sig- 
of  nificant  differences  presumably  as 
these  rats  approached  a physiological 
limit  of  licking  rate. 

During  extinction  all  curves  showed 
a drop.  The  drop  was  least  for  the  1% 
group  and  greatest  for  the  32% 
group.  In  general,  the  final  rates  of 
licking  were  inversely  proportional  to 
the  initial  rates.  The  extinction  curves 
suggest  that  during  acquisition  the 
animals  acquired  an  expectancy  for  an 
hedonic  effect  of  given  intensity.  The 
small  change  with  the  1%  group  is 
not  far  above  a threshold  value  for 
reinforcement. 


THEORETICAL  DISCUSSION 


At  the  start  of  this  chapter  I argued  aversive  effects  of  stimulation  it  is 
that  to  describe  the  appetitive  and  necessary  to  postulate  two  dimensions 
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Figure  29-12.  Levels  of  tongue  activation  as  related  to  concentration  of  sucrose 
solutions  during  successive  stages  of  habituation.  The  curves  show  mean  licks 
per  minute  during  acquisition  and  extinction.  From  data  of  Dr.  C.  L.  Trafton, 
reported  by  Young  (1966). 


of  primary  motivation:  a vertical  di- 
mension of  activation  and  a horizontal 
dimension  of  hedonic  value. 

Affective  processes  are  both  activat- 
ing and  directive.  They  are  directive 
in  the  sense  that  they  are  either  GO  or 
STOP.  They  regulate  behavior  as 
traffic  lights  regulate  the  flow  of 
traffic.  Affective  processes  are  also 
reinforcing  in  the  sense  that  they  lead 
to  repetition  of  activities  through 
which  animals  learn.  Learning  and 
hedonic  motivation  are  closely  inter- 
related processes  of  behavioral 
development. 

We  have  examined  the  role  of  af- 
fective processes  in  the  development 
of  sweet  taste  preferences.  I wish  now 
to  consider  some  of  the  broader  im- 
plications of  hedonic  theory. 

The  utility  of  pleasantness  and 
unpleasantnes  s 

In  an  important  series  of  experi- 


ments Cabanac  has  shown  that  a 
stimulus  can  arouse  pleasant  or  un- 
pleasant feelings  depending  upon  its 
usefulness  in  maintaining  homeo- 
stasis.^ He  made  a series  of  experi- 
ments with  tastes,  odors,  and  tem- 
peratures. Let  us  consider  his  work 
with  temperatures. 

In  the  thermal  experiments  the  sub- 
ject was  immersed  in  a stirred  water 
bath  while  making  affective  reports 
after  a 30-second  thermal  stimulation 
of  the  left  hand.  Cabanac  found  that 
responses  differed  according  to  the 
thermal  state  of  the  subject.  When 
the  internal  body  temperature  was 
high  (hyperthermic),  the  cold  or  cool 
stimuli  were  reported  as  pleasant  and 
the  warm  or  hot  stimuli  as  unpleasant. 
When  the  internal  body  temperature 
was  low  (hypothermic),  the  cold  or 
cool  stimuli  were  unpleasant  and 
warm  or  hot  stimuli  were  pleasant. 
The  temperatures  of  the  bath  (15° 
and  45°  C)  were  between  the  lower 
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and  upper  thresholds  of  pain;  so  pain 
was  not  a factor  in  the  hedonic 
response. 

Cabanac  demonstrated  that  a 
specihc  nonpainful  thermal  stimulus 
is  perceived  as  either  pleasant  or  un- 
pleasant according  to  the  internal 
body  temperature  of  the  subject.  A 
hypothermic  subject  will  like  a hot, 
even  slightly  burning,  stimulation. 
A hyperthermic  subject  will  like  a bit- 
ting cold  stimulus  even  if  the  temper- 
ature is  slightly  painful.  Therefore, 
Cabanac  argued,  pleasure  occurs 
when  sensation  indicates  the  presence 
of  a stimulus  which  helps  to  maintain 
homothermia — a relatively  constant 
internal  body  temperature  which  for 
man  is  about  37°  C.  The  affective 
arousals  are  clearly  useful  when  con- 
sidered in  relation  to  the  homeostasis 
of  body  temperature. 

Cabanac’s  subjects  could  easily  dis- 
tinguish between  the  sensory  and 
hedonic  aspects  of  experience. 

In  other  experiments  Cabanac 
found  that  sweet-tasting  sucrose  and 
orange  odor  were  pleasant  when  the 
subjects  fasted,  but  the  gustative  and 
olfactive  stimuli  were  unpleasant  after 
the  subjects  had  ingested  100  grams 
of  glucose  in  water.  The  internal  sig- 
nals that  produced  hedonic  changes 
during  deprivation  and  satiation  are 
unknown. 

Homeostasis  and  taste 

In  defending  a dubious  hypothesis, 
J.  A.  Deutsch  and  A.  D.  Jones  pre- 
sented some  data  that  are  of  interest 
quite  apart  from  their  theory.^  Pref- 
erence tests  were  made  with  two 
methods:  (1)  The  familiar  T maze  was 
used  with  the  incentives  out  of  range 
of  the  head  receptors  at  the  point  of 


choice.  (2)  A testing  cage  was  used 
with  the  incentives  relatively  close  to- 
gether during  a 20-minute  exposure. 

All  tests  were  made  with  two  saline 
solutions  with  concentrations  of  0.2% 
NaCl  and  0.8%  NaCl.  Other  studies 
have  shown  that  a saline  concentra- 
tion of  0.8%  is  nearly  optimal  with 
rats.  In  fact.  Nelson  in  a brief  report 
stated  that  rats  ingest  excessive  quan- 
tities of  NaCl  when  the  concentration 
is  0.8%;  their  growth  is  retarded,  kid- 
neys and  other  organs  become  en- 
larged and  there  are  other  symptoms 
of  excessive  intake.^ 

Deutsch  and  Jones  made  all  tests 
with  a 20-hour  deprivation  of  water. 
We  may  assume  that  the  need  of  the 
animals  for  water  was  approximately 
constant  during  all  preference  tests. 
Under  these  conditions  the  two 
methods  of  testing  preferences 
yielded  different  results.  With  the  T 
maze  technique  the  rats  steadily 
learned  to  select  the  weaker  saline  solu- 
tion (0.2%  NaCl>0.8%  NaCl).  With 
the  continuous  choice  method  of  test- 
ing, the  rats  showed  a clear  preference 
for  the  higher  concentration  (0.8% 
NaCl>0.2%  NaCl).  The  choice  with 
the  T maze  technique  is  wise  and 
adaptive  for  it  is  generally  known  that 
the  ingestion  of  saline  solutions  tends 
to  heighten  thirst  rather  than  to  re- 
lieve it.  A choice  of  water  would  be 
still  better.  The  choice  with  the  con- 
tinuous exposure  technique  is  also 
wise  and  adaptive  but  in  a different 
way.  The  animal  must  somehow  lo- 
cate and  ingest  salt  in  order  to  main- 
tain a homeostasis  of  sodium  in  the 
blood  serum.  A concentration  of  0.8% 
NaCl  is  very  near  to  the  concentration 
in  the  blood  serum. 

These  data  are  interesting  because 
they  demonstrate  the  existence  of 
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separate  bodily  mechanisms  that  con- 
trol the  intake  of  foods.  The  data 
are  interesting,  also,  from  the 
methodological  point  of  view.  They 
clearly  show  that  the  T maze  is  not  the 
best  method  for  observing  prefer- 
ences based  on  palatability.  The  T 
maze,  however,  may  be  serviceable  in 
studies  of  learning  under  conditions 
of  metabolic  and  nutritional  need. 

Conclusion 

In  concluding  this  theoretical  dis- 
cussion I would  like  to  speculate  a bit 
regarding  the  kind  of  neurochemical 
mechanism  that  is  required  to  explain 
the  facts. 

We  must  postulate  the  existence 
within  the  brain  of  a mechanism  that 
evaluates  and  integrates  stimulations 
from  the  different  modalities.  We 
know  that  acceptance  and  rejection 
are  evaluative  reactions  that  are  equiv- 
alent to  the  judgments  good  or  bad. 
Some  stimulations  are  hedonically 
positive;  others  are  negative.  We 
know  that  positive  and  negative  affec- 
tive arousals  are  integrated  according 
to  precise  laws  of  algebraic  sum- 
mation. And  we  know  that  appetitive 
and  aversive  behavior  varies  with  the 
internal  chemical  and  nutritional  state 
of  the  organism.  Also  we  know  that 
the  positive  and  negative  reactions  are 
fairly  uniform  within  a given  species. 
These  facts  require  an  explanation. 

We  postulate  the  existence  of  adapt- 
ive mechanisms  that  have  evolved 
through  millions  of  years  of  organic 
evolution.  Ethologists  have  described 
instinctive  reactions  that  relate  to  de- 
fense and  aggression,  to  obtaining 
food,  to  reproduction,  care  of  the 
young,  and  other  basic  matters.  In- 
stinctive reactions  are  elicited  by 


specific  patterns  of  stimulation.  The 
reaction  to  a sweet  taste  is  just  one 
specific  instance  of  a more  general 
biological  principle. 

The  sensitivity  to  sweet  is  biologi- 
cally adaptive;  it  aids  in  recognition 
and  selection  of  carbohydrates  that 
are  necessary  as  a source  of  energy. 
Ripe  fruits  are  sweet  and  preferred  to 
green  sour  fruits  which  are  unpleas- 
ant. Bitter  tastes  are  unpleasant;  they 
indicate  the  presence  of  toxic  alka- 
loids. Salty  tastes  indicate  the  pres- 
ence of  sodium  which  is  required  to 
maintain  the  homeostatic  environ- 
ment of  the  cells.  The  biological  utility 
of  these  reactions  is  obvious.  Chemi- 
cal, thermal  and  tactual  receptors  at 
the  oral  end  of  the  alimentary  canal 
stand  guard  over  the  acceptance  or 
rejection  of  foodstuffs. 

We  postulate  that  the  receptors 
which  yield  hedonic  responses  to 
specific  kinds  of  stimuli,  feed  neural 
excitations  into  a nonspecific  neural 
structure  where  facilitative  and  in- 
hibitory excitations  are  integrated. 

We  have  seen  that  hedonic  pro- 
cesses are  both  activating  and  re- 
inforcing. I will  add  that  hedonic 
processes  are  also  informational.  The 
information  indicates  the  way  in 
which  a stimulus-situation  affects  the 
organism — positively  or  negatively. 
This  is  important  information. 

Human  beings  are  definitely  aware 
of  the  pleasures  and  displeasures  of 
sensation.  The  affective  and  cognitive 
processes  occur  at  different  psy- 
chological levels  of  functioning.  The 
cognitive  processes,  presumably,  are 
mediated  at  the  level  of  the  cerebral 
cortex.  Affective  processes  are  ini- 
tiated by  subcortical  mechanisms. 

The  relation  between  affective  and 
cognitive  processes  is  twofold.  We  are 
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aware  that  pleasantness  and  unpleas- 
antness occur.  We  are  also  aware  that 
perception  and  memory  have  a 
powerful  influence  upon  our  moods 
of  cheerfulness  and  depression.  Con- 
sider, for  example,  the  effects  of  good 
news  and  bad  news,  of  victory  and 
defeat,  of  success  and  failure.  Con- 
sider also  the  fact  that  cognitive 
evaluations  reinforce  and  direct  the 
course  of  learning.  Words  like  good  or 
bad,  right  or  wrong,  correct  or  incorrect, 
influence  feelings  and  have  a directive 
influence  on  performance. 


The  investigation  of  the  interrela- 
tions between  affective  and  cognitive 
processes  should  have  high  priority  as 
an  area  for  psychological  research. 

We  live  in  a world  defined  by  per- 
ceptions, memories,  imaginations, 
feelings,  emotions,  beliefs  and  desires, 
rather  than  in  a world  defined  by 
stimulus  and  response.  This  is  the 
individual’s  world  of  subjective  ex- 
perience. We  recognize  that  in  this 
world  man  is  partly  a creature  of  rea- 
son and  partly  a creature  dominated 
by  emotion. 
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response,  207 

Adaptive  choice:  in  neonatal  pig,  92;  inappropriateness 
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sheep,  56,  57;  swallowing  of,  58-60;  as  a taste  environ- 
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Aversion:  to  saccharin,  90;  to  sucrose,  317,  319,  323,  324, 


328;  to  sodium  chloride,  317;  to  feeding,  138;  oral  and 
post-ingestive  factors  in,  364.  See  also  Taste  aversion 
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277,  278;  definition  of,  in  terms  of  set  point,  301;t/ 
definition  of,  in  terms  of  weight  stability,  302; 
somatotype  ponderal  index,  274.  See  also  Metropolitan 
Life  Tables 

Bottle  feeding:  rise  of,  in  the  U.S.  and  elsewhere,  240 
Brain  mechanisms:  cortical  and  subcortical,  18,  19,  415 
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Brain  stem:  and  the  organization  of  ingestive  reflexes,  18 
Breast  feeding:  decline  in,  240 

Breast  milk:  rejection  of,  by  human  neonate,  101,  106; 
declining  use  of,  and  increasing  use  of  sweeteners  in 
infant  feeding,  239,  240;  regular  breathing  pattern 
during  feeding  of,  220 

Breathing:  regularity  of,  during  burst-pause  sucking, 
120,  133;  differential  disruption  of,  by  various  in- 
gested fluids,  120,  121,  133-135 
Brief  exposure  preference  tester,  401 
Burst-pause  pattern  of  sucking,  120,  121,  133,  147,  210 

Cabanac  effect,  296,  297,  301,  320,  370,  371,  413,  414 
Calories;  sources  of,  in  diets  of  high  and  low  income 
children,  241;  in  commercial  baby  food,  235;  from 
sweet  solutions,  356 

Caloric  intake:  role  of,  in  determining  total  dietary  intake 
in  rat,  393,  396;  of  rats  on  sweet  supplemented  diets, 
261,  262;  decrease  in,  with  selection  of  sodium  saccha- 
rin, 379;  defense  of,  in  relation  to  defense  of  protein 
carbohydrate  ratio,  337 

Cardiovascular  responses:  to  upper  airway  perfusion  in 
newborn  lamb,  1 13;  differential  elicitation  of,  by  artifi- 
cial and  breast  milk,  in  human  neonate,  121;  to  sweet 
fluids  in  newborn  humans,  127,  131,  132 
Caries,  241,  249-251,  254,  255,  345,  374,  400;  absence  of, 
in  pig,  88;  among  Hadza,  242;  and  diet,  250;  and  meal 
pattern  in  rat,  348 

Cat,  decerebrate:  feeding  behavior  of,  18,  19,  193,  194 
Category  rating  scales:  in  measurement  of  taste  response 
in  neonatal  rat,  101;  effects  of  increased  number  of 
categories  in,  104 

Category  scales:  definition,  284;  cautions  in  use  of,  284 
Catfish;  distribution  of  taste  buds  in,  17;  feeding  be- 
havior of,  17,  192 

Central  nervous  system  pathways:  in  rat,  14,  15,  16,  17, 
23;  in  catfish,  17;  in  man,  193,  194;  in  phylogenetic 
perspective,  17-19 

Central  representation:  hierarchical  organization  of,  19; 

of  a behavioral  distinction,  201 
Chemical  cues:  in  control  of  feeding  behavior  of  rat 
pups,  222,  223,  229,  230 
Chemotaxis,  187 

Chocolate:  effects  of,  on  health  and  development  of 
young  rats,  260,  261,  262;  most  preferred  “sweet” 
among  children  of  both  sexes,  253,  254;  exposure  of 
Japanese  children  to,  255 

Choice  behavior:  objection  to,  as  an  indicator  of  prefer- 
ence, 290 

Chorda  tympani:  recordings  from,  in  humans  and  their 
role  in  inferring  sweet  taste  in  animals,  7;  response 
differences  among  single  fibers  of,  11-14,  27-41;  whole 
nerve  responses  from,  in  rat,  hamster,  and  squirrel 
monkey,  25,  26;  single  fiber  recordings  from,  in  ham- 
ster and  squirrel  monkey,  27-39;  single  fiber  re- 
cordings from,  in  rat  in  comparison  with  hamster, 
40,  41;  recordings  from,  in  fetal,  newborn,  and  adult 
sheep,  53-57;  amiparisons  of  response  from,  with  re- 
sponse from  glossopharyngeal,  7,  8;  role  of,  in  reflex 
mechanisms  of  feeding,  192-195 


Citric  acid;  human  newborn’s  response  to,  163,  174 
Coarse  structure:  of  sucking  behavior  in  contrast  to  fine 
structure,  147 

Cognition:  in  relation  to  affect,  415,  416 
Cold  stress:  and  increased  intake  of  carbohydrate  in  rat, 
339 

Colostrum:  human,  prohibitions  surrounding,  236,  237; 

role  of,  in  protecting  the  health  of  neonatal  pig,  89 
Communicational  value:  of  facial  expressions,  175,  179, 
189 

Comparisions  among  sensory  systems:  taste  with  olfac- 
tion in  newborns,  144;  taste  with  vision  in  regard  to 
effects  of  experience,  61 

Comparisons  among  species,  age  groups,  weight  groups, 
races,  and  measures.  See  individual  entries 
Comparisons  among  cultures:  See  Cross-cultural  com- 
parisons 

Complex  stimuli:  simultaneous  elicitation  of  several  taste 
qualities,  14;  in  taste  testing  of  human  neonates,  163; 
neglect  of,  by  taste  investigators,  269;  in  the  study  of 
preference  and  obesity,  298  ff,  317,  322 
Computer  assisted  analysis  of  sucking,  132  ff,  143  ff 
Concentration:  of  sugar  solutions,  effects  on  amplitude 
of  elicited  anterior  tongue  movements,  196,  197; 
specificity  of  learning  to,  48,  359,  360.  See  also  Seriation 
Conditional  enhancement,  380,  381 
Conditioned  taste  aversion,  19,  44  ff 
Congenital,  161.  See  also  Newborn 
Consummatory  behavior,  1 1 

Consumption  (Intake):  high  correlation  of,  with  prefer- 
// ence  ratings  for  sucrose  among  normal  weight,  mod- 
erately obese,  and  severely  obese  subjects,  318 
Continuous  sucking:  elicitation  of,  during  feeding  of 
artificial  milk  to  human  newborns,  120 
Contrast  effects,  negative:  in  human  newborn,  139;  fail- 
ure of,  to  reach  statistical  significance,  144 
Cortex:  cortical  gustatory  area,  15,  16;  absence  of,  and 
differential  gestural  response  to  taste  stimuli,  175 
Craniofacial  malformations;  reconstructive  surgery  for, 
and  the  role  of  taste  and  smell  testing,  184,  185 
Craving,  physiological  or  biochemical;  dominant  role  of, 
c in  the  theory  of  addiction,  383,  384 
Cross-cultural  comparisons:  of  infant  feeding  practices, 
235-248;  of  the  schedule  on  which  various  foods  are 
introduced,  254,  256,  257 

Cross  fiber  pattern;  theory  of  taste  quality  coding,  14 
Cross  fostering:  effects  of,  on  development  of  lingual 
papillae  in  rat,  77,  78;  failure  of,  to  measurably  disturb 
maturation,  in  rat,  79-81 

Cultural  differences  and  similarities:  in  regard  to  expo- 
sure to  sweets,  254,  256,  257;  in  infant  feeding  prac- 
tices, 235-248 

Cyanosis  during  feeding:  in  lambs,  1 17,  123;  in  humans, 
121,  122,  123 

Dental  Health,  See  Caries 
Dentition:  in  rat,  86;  in  pig,  87,  88 
Dependence,  physical:  upon  ethanol,  establishment  of, 
per  schedule  induced  polydipsia,  375-377;  failure  of, 
to  explain  reinforcing  properties  of  drugs,  384,  385 
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Demographic  information:  from  respondents  to  food 
preference  questionnaire,  270;  in  the  analysis  of  obe- 
sity, 241,  248;  and  diet  surveys,  249-251 
Desserts:  more  highly  preferred  by  underweight  than 
overweight  individuals,  274,  275;  poor  representation 
of,  among  the  most  preferred  foods,  270;  preference 
for,  among  Blacks,  273 

Desserts,  chocolate:  possible  role  of,  in  differential  expo- 
sure to  sweet  for  Whites  and  Blacks,  274 
Dextrose:  energy  value  of,  in  relation  to  activity  and 
survival  in  rats,  295;  preference  for,  relative  to 
ethanol,  378,  379.  See  also  Glucose 
Diabetes,  45,  241 

Diet:  similarity  of,  in  pig  and  man,  87;  as  a possible 
etiological  factor  in  dental  caries,  250;  surveys  of,  241, 
243,  249-251;  locating  of,  as  a problem  for  weanling 
animals,  217  ff;  locating  and  swallowing  of,  dissociated 
in  ablation  studies,  18,  19 

Diet,  basal:  intake  of,  when  sugar  or  chocolate  supple- 
ment is  available,  261,  262;  neglect  of,  under  time 
limited  exposure  to  diet  plus  sucrose,  341,  384 
Dietary  experience:  failure  of  differences  in,  to  effect 
human  preferences,  166;  with  sweets  not  a necessary 
preconditon  for  a preference  for  sweets,  243;  with 
sour  in  relation  to  measured  sour  preference,  247 
Dietary  sweet:  absence  of,  among  certain  tribes,  242 
Diet  surveys,  241,  243,  249-251 
Dilute  water  effect,  368 

Dilution  experiments:  alternative  conceptualization  of 
24-hour  intake  preference  studies,  333,  334,  335 
Dissociation:  of  locating  and  swallowing  food,  18,  19 
Distilled  water.  See  Water 

Domestic  rats:  difference  of,  from  wild  rats  in 

“neophobia,”  225 

Drinks,  soft:  in  childhood  feeding,  240,  241,  243;  prefer- 
ence for,  in  adults,  270;  preference  for,  among  Blacks, 
273;  hedonic  ratings  of,  modified  by  long  term  weight 
reduction  in  obese  adolescents,  232;  preference  for  in 
piglet,  92 

Early  experience:  in  utero,  51  ff;  pre  versus  post  natal 
62;  effects  of,  on  the  development  of  taste  papillae  in 
rat,  74  ff;  with  test  fluids  nonessential  role  of,  in  the 
development  of  sweet  acceptance  and  quinine  rejection 
in  rat,  102;  possible  effect  upon  exploration,  139;  of 
sweets  in  pre-lacteal  feeding  of  human  infant,  236-238; 
with  sweet  taste,  241;  with  “sweets”  not  a pre-condition 
for  later  acceptance  or  preference,  243;  cultural 
similarities  and  differences  in,  254-257;  timing  of,  fails 
to  produce  effect  on  later  preference  in  rats,  260 
Eating:  temporal  patterns  of,  64,  65,  348 
EEG:  in  defining  state  in  newborn  lambs,  1 1 1 ff 
Energy  requirements:  increases  in,  with  low  temperature, 
food  deprivation  and  access  to  exercise,  339  ff 
Entrees:  race  differences  in  preference  for,  272;  weight 
related  differences  in  preference  for,  276 
Environmental  factors:  in  instituting,  maintaining  or 
Suppressing  ethanol  abuse,  383,  384 
Eskimos,  243,  345 


Ethanol  abuse:  establishment  of,  in  animals  through 
schedule  induced  polydipsia,  375  ff;  environmental 
determinants  of,  in  man,  383,  384 
Evaluative  reaction,  415 

Experience:  denial  of  the  necessity  for,  in  the  human 
neonates’  development  of  differential  facial  responses 
to  taste,  175;  role  of,  in  modification  of  innate  response 
to  sensory  stimuli,  359 
Epiglottis:  taste  buds  on,  in  fetal  lamb,  115 
Exploratory  behavior:  possible  effect  of  early  experience 
upon,  139 

Expressed  breast  milk:  force  fed  to  rat  pups  prior  to 
lithium  chloride  treatment,  227 
Experimental  obesity:  See  VMH  lesions 
External  cues:  responsivity  to,  as  a causal  factor  in  obesity 
challenged,  314,  315,  317;  manipulation  of,  per  addi- 
tion of  color,  effects  on  magnitude  estimations  of 
sweetness  in  obese  and  normal  weight  subjects,  317 

Eacial  responses:  of  rejection  in  human  newborns,  126; 
in  relation  to  sucking,  129;  increased  display  of,  with 
age,  218,  219;  resemblance  of,  between  newborn  and 
adult,  126,  217;  elicitation  of,  by  taste,  174-178;  elicita- 
tion of,  by  food  related  odors,  178,  179;  display  of, 
prior  to  feeding  experiences,  175;  innate,  186;  as  indi- 
cations of  acceptance  and  rejection,  99-100;  in  rat  and 
hamster,  101-107 

Eat:  in  relation  to  other  diet  elements,  23,  334 
Eeeding:  respiratory  and  cardiovascular  components  of, 
not  to  be  neglected,  122 

Eeeding  behavior:  rejection  of,  for  measurement  of  taste 
sensitivity,  205,  211;  rejection  of,  for  the  measurement 
of  taste  preference,  203,  204 
Eeeding  reflexes:  disruption  of,  by  CNS  manipulation, 
16,  17,  18,  297 
Feeding  rites:  neonatal,  236 

Fetal  taste:  developmental  morphology  of,  52;  elec- 
trophysiology of,  52  ff;  and  fetal  swallowing,  58-62 
Fetal  rats:  fungiform  papillae  on  the  tongue  of,  71,  85 
First  meal  of  solid  food:  ingestion  of,  in  the  presence  of 
feeding  adult  rat,  223,  224 

Fine  structure:  of  sucking  behavior  in  contrast  to  coarse 
structure,  147 

Fish  and  fish  products:  Black- White  differences  in  pref- 
erence for,  272 

Flavor  cues:  learning  of,  411,  412 
Fluoride,  348 

Fluid:  effects  of  response  contingent  delivery  of,  on  fine 
structure  of  sucking,  147 
Fluid  touch,  211 

Folk  practices  of  U.S.:  endorsement  of  sugar  use  by,  240; 

in  comparison  with  Japanese  practices,  254,  257 
Food  deprivation:  stimulation  of  eating  by,  in  neonate 
pigs  suckling  from  sows,  95;  and  the  dynamic  phase  of 
VMH  lesion  induced  obesity,  310  ff;  and  taste  prefer- 
ences, 319,  320,  322;  long  term,  and  taste,  320,  322; 
adaptation  to,  with  and  without  sucrose  availability, 
341,  342;  and  palatability,  357;  and  schedule  induced 
polydipsia,  374,  375 
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Food  habits:  role  of,  in  stabilizing  intake,  41 1 
Food  preferences  of  Blacks:  assessment  of,  by  question- 
naire, 271  ff 

Food  preferences  of  Southerners:  in  the  analyses  of 
Black  food  preferences,  271 
Frequency  of  exposure  to  sweets:  among  Japanese  chil- 
dren, 254,  258 

Fructose:  response  to,  in  relation  to  other  sugars,  8 ff; 
intolerance  of,  and  low  levels  of  caries,  345,  350; 
preference-aversion  curves  for,  in  rat,  364;  intake 
preference  thresholds  for,  in  rat,  389,  390;  maximal 
intake  of,  in  rat  relative  to  other  sugars,  394,  395; 
energy  value  of,  in  relation  to  activity  and  survival  in 
rat,  395 

Fruit  drinks:  race  differences  in  preference  for,  273.  See 
also  Drinks,  soft 

Galactose:  intake  preference  thresholds  for,  in  rat,  389, 
390;  maximal  intake  of,  relative  to  other  sugars  in  rat, 
394-395 

Gastric  capacity:  possible  limitation  on  food  intake  of 
piglets,  96 

Gastric  distension,  371 

Gastric  loading:  to  manipulate  water  imbalance  and 
clarify  differences  between  hunger  and  thirst,  357 
Genetic  factors:  role  of,  in  sweet  preference,  51;  role  of, 
in  preference,  161;  failure  to  find  effect  of,  168 
Glossopharyngeal:  sensitivity  to  quinine,  7,  8 
Glucose:  response  to,  in  relation  to  other  sugars,  8 ff;  reg- 
ulation of,  similarities  between  pig  and  man,  88;  pref- 
erence for,  in  fasted  neonatal  pigs,  91;  effect  of,  on 
sucking  in  newborn  human,  143;  response  to,  in 
human  newborn,  197;  as  example  sweet  tastant  in 
study  of  human  neonate,  207-211;  feeding  of,  in  U.S. 
hospitals,  236;  intensity  and  hedonic  tone  category 
scale  judgements  of,  by  the  same  individuals,  285; 
other  stimulus  properties  of,  356;  preference-aversion 
curves  for,  from  rat  one  hour  intakes,  363;  human 
preference-aversion  function  for,  by  ten  minute  intake, 
369;  intake  preference  thresholds  for,  in  rats,  389, 
390;  maximal  intake  relative  to  other  sugars  in  rat, 
394,  395 

Gymnemic  acid:  specific  blocking  of  sweet,  7 

Habituation:  in  neonatal  testing,  209 
Habits  of  dietary  selection,  400 
Hamster:  chorda  tympani  response  profiles  of,  27 
Heart  rate:  recordings  of,  in  newborn  lambs,  1 12;  rela- 
tion of,  to  rate  of  sucking  during  sucking  burst,  134; 
increases  in,  as  a function  of  sweetness,  1 37;  difference 
in,  between  resting,  no  fluid  sucking  and  sucrose  suck- 
ing conditions,  137 

Hedonic  dimension  of  stimulation:  and  the  communica- 
tional  aspet  t of  fac  ial  expressions,  1 86;  role  of,  in  the 
organization  of  behavior  and  generation  of  prefer- 
ettces,  400 

Hedonic  effects:  of  stimulation,  399,  404,  414;  inde- 
pc-ndence  of,  from  learning,  404;  .separation  of,  from 
sensory  effects,  414 
Hc-clonic  ecjui valence  function,  405 


Hedonic  evaluation:  possible  unipolar  nature  of,  in  new- 
born human,  144;  independence  of  newborn  human’s 
lateral  tongue  movement  from,  210 
Hedoniejudgements:  of  food  items,  270;  comparison  of, 
with  intensity  judgements,  285,  370,  371;  as  a response 
to  intrinsic  properties  of  a stimulus,  355;  comparison 
of,  with  intake  measures  in  human  adults,  369 
Hedonic  monitor,  173,  182,  184,  187 
Hedonic  responses:  role  of,  in  control  of  short  term 
intake,  164;  relative  strength  of,  to  taste  and  odor,  in 
human  neonate,  144 

Hedonically  negative  oral  stimuli:  human  neonatal  re- 
sponse to,  99-101,  126-131,  162,  163,  175-178,  197; 
age  related  changes  in  human  response  to,  67;  evi- 
dence for  responses  to,  in  relation  to  biopolar  hedonic 
scales,  144 

Hedonically  negative  odors:  human  neonatal  response 
to,  179  ff 

Honey:  in  pre-lacteal  feeding,  236,  238;  in  infant  diets, 
242 

Honey  ants:  role  of,  in  the  diet  of  hunter-gatherers,  5 
Honey  glider,  22 
Homeostases,  414 

Homeostatic  need:  effects  of,  on  preference,  410,  411 
Human  milk  (expressed  breast  milk):  ingestion  of,  by 
human  infants  by  regular  burst-pause  sucking  does  not 
disrupt  breathing,  120;  consistent  rejection  of,  by 
human  neonate,  101 

Human  newborn:  99,  100,  101,  106;  bitter  rejection,  100, 
101;  sweet  acceptance,  100;  gestural  or  facial  responses 
to  taste  solutions  in  the  mouth,  99,  100 
Hunger:  effects  of,  on  preference,  16;  effects  of,  on 
palatability,  357;  reports  of,  differentially  correlated 
with  gastric  motility  in  normal  weight  and  obese  sub- 
jects, 315 

Hunter-gatherers,  4,  5,  235,  242 

Hyperphagia:  reflects  loss  of  rostral  control  over  intake 
and  rejection  reflexes,  191;  absence  of  weight  gain  in 
VMH  rats  on  unpalatable  diets,  309 
Hyperresponsiveness  to  taste:  in  rats  with  VMH  lesions, 
309 

Hypertonic  sweet  solutions,  aversion  to:  oral  and  post- 
ingestive  factors  in,  364  ff 


Indians:  North  American,  243 

Indicator  behaviors:  choice  of,  203,  204,  290,  293,  333- 
335,  355,  356,  404,  409 

Individual  differences:  in  fetal  swallowing,  59;  among 
human  adults,  167,  170,  171;  and  the  study  of  unusual 
individuals,  263;  possible  masking  of,  in  grouped  data, 
102,  103,  287;  in  the  preferences  of  rats,  102-104,  402 
Infant  diets;  exclusion  of  certain  foods  from,  246 
Infant  feeding  practices:  ready  modification  of,  244 
Infant  food,  commercial:  additioti  of  sugar  to,  240 
Ingestion:  inability  of  newborn  to  inhibit,  67;  at  the  nest 
site  and  subsetjuent  food  preference  at  weaning,  223; 
objections  to  use  of,  as  an  index  of  preference,  203, 
204,  290,  293,  333-335,  355,  356,  404,  409 
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Inhibition  of  reflexes:  failure  of,  in  newborn,  67; 

neuronal  activity  implied  by,  201 
Innate:  responses  of  neonates,  106,  174;  neural  struc- 
tures for  hedonic  response,  399 
Instinctive  reactions,  415 

Instinctive  rejection:  by  odor  in  human  newborn,  182 
Insulin:  in  producing  glucoprivic  eating,  93;  age  depen- 
dent effect  of,  in  pig,  94,  95;  in  separation  of  hunger 
from  thirst,  357 

Intake  as  an  index  of  preference:  in  children,  319;  in 
human  adults,  314  ff,  369;  in  rats,  310  ff,  374  ff,  387 
ff;  in  human  newborns,  162  ff;  in  pigs  per  weight  gain, 
94;  challenges  to,  203,  204,  290,  293,  333-335,  355, 
356,  404,  409,  410;  indirectly  measured  per  consum- 
matory  behavior,  203 

Intake,  regulation  of:  by  selective  facilitation  or  inhibi- 
tion of  reflexes,  190,  191 

Intensity  judgements  of:  compared  with  hedonic  judge- 
ments when  sweet  test  samples  are  repeatedly  ingested, 
370,  371 

Interpretation:  in  the  generation  of  pleasantness  func- 
tions, 290,  291 
Interval  scaling,  284 

Intolerance:  of  fructose,  345,  350;  of  sucrose,  243 
Intrauterine  behavior:  monitoring  of  and  attempts  at 
manipulation  of,  58-61;  relevance  of,  for  facial  expres- 
sion in  newborn,  186 
Isohedons,  405 

Labelled  line:  theory  of  quality  coding,  14 
Lambs,  newborn:  similarity  of,  to  fetus  and  to  adult  in 
taste  responding,  55;  swallowing  in,  112-114;  elicita- 
tion of  apnoea  in,  per  water,  113,  114,  116;  superior 
laryngeal  nerve  response  in,  115;  chemosensitive  re- 
ceptor of,  114,  115 

Lactose:  stimulus  effectiveness  relative  to  other  sugars, 
10,  387  ff;  rejection  of,  by  rats,  389,  390,  394,  395; 
energy  value  of  in  relation  to  activity  and  survival  in  rat, 
395 

Language;  role  of,  in  disdnguishing  intensity  from 
hedonic  determiners  of  choice,  290 
Learned  safety:  associated  with  glucose  or  glycine 
generalization  of,  to  saccharin,  43,  44 
Learning:  in  the  newborn  human,  139;  of  food  prefer- 
ences rather  than  aversions  by  weanling  rat,  221,  222; 
modulation  of  palatability  response  by,  359,  360;  and 
the  stabilizing  role  of  food  habits,  411,  412 
Length;  retarded  development  of,  due  to  mismatch  of 
rat  pup’s  age  with  postpartum  age  of  foster  mother,  80 
Length  of  sucking,  burst:  relation  of,  to  sweetness  of 
ingested  fluid,  133,  134 

Licking  rate:  in  rat,  159,  412,  413;  failure  of,  to  discrimi- 
nate among  sugars  showing  seriation  per  bar  pressing, 
11;  differential  patterns  of,  for  sugar  and  saccharin, 
159 

Lithium  chloride:  introduction  into  food,  218  ff;  injection 
of,  227 

Locating  of  food:  in  hunter-gatherer  cultures,  4,  5;  dis- 
ruption of,  by  ablation  of  facial  lobe  in  catfish,  18; 
hazards  of,  for  weanling  rat,  217;  differences  in  task  of 


omnivore,  herbivore  and  carnivore,  330 
Magnitude  estimation:  a method  for  ratio  scaling,  288 
Maltose:  intake  preference  thresholds  for,  in  rat,  389, 
390;  maximal  intake  of,  in  rat  relative  to  other  sugars, 
394,  395;  energy  value  in  relation  to  activity  and  survi- 
val in  rat,  395 

Marketing  and  distribution  practices:  effects  of,  on  diet, 
243 

Maturation  of  taste  buds:  differences  in,  and  develop- 
mental differences  in  acceptance  and  rejection  102 
Maturational  retardation:  production  of,  in  rat  by  mis- 
match of  litter  age  and  maternal  postpartum  age, 
79-81 

Meal  patterns:  in  the  generation  of  caries  in  rat,  348 
Measures  of  sucking,  132 

Mechano-stimulation;  in  the  elicitation  of  sucking,  68, 
69;  response  to,  by  the  human  neonate’s  tongue,  205; 
in  association  with  drinking,  356 
Metabolic  state:  failure  of  short-term  changes  in,  to  effect 
preference  for  sucrose  in  normal  and  obese  children 
and  adolescents,  322 

Metropolitan  Life  Tables;  use  of,  in  defining  over  and 
underweight  and  degrees  of  obesity,  277,  295,  327, 
328 

Microflora:  in  caries  development,  347,  348 
Microorganisms:  oral,  essential  role  of,  in  the  generation 
of  caries,  347,  350;  intestinal,  defense  against,  in  pig- 
lets by  sow’s  milk,  89,  90 
Micro  structure;  of  sucking,  147 

Milk:  lesser  preference  for,  by  Blacks  than  Whites,  274 
Milk,  artificial:  preference  for,  over  glucose  solution  by 
fasted  piglets,  92;  disruption  of  breathing  during  in- 
gestion of,  120-122;  low  preference  for,  relative  to 
sucrose  solution  in  human  neonate,  163,  164 
Milk,  cow’s;  mild  acceptance  of,  by  human  neonate,  100, 
101,  106;  elicitation  of  apnoea  and  swallowing  by,  from 
the  airway  of  newborn  lamb,  114,  115;  failure  of,  to 
elicit  differential  response  in  human  neonate,  128 
Milk,  mother’s:  rejection  of,  by  human  neonate,  101;  fail- 
ure of,  to  elicit  differential  response  in  newborn  human, 
128;  as  source  of  flavor  cues  to  maternal  diet,  225-229 
Milk,  sweetened,  162 

Mimetic  reaction:  of  newborn  humans  to  taste  stimuli, 
126-130,  173  ff;  of  newborn  humans  to  food  odors, 
178-182;  in  anencephalic  infants,  182-184;  social  con- 
trol of,  in  adults,  184 

Motivation  to  obtain  sweets;  assessment  of,  in  humans, 
299 

Mouth  sensory  effects:  in  the  production  of  satiation,  358 

Neophobia:  and  the  prenatal  chemical  environment,  61, 
62;  role  of,  in  maintaining  initial  diet  choices  by  wean- 
ling wild  rats,  225 

Neural  development:  of  the  taste  system  in  utero  per 
electrophysiology,  52-57;  of  cross-fostered  rat  pups,  81 
Newborn  human;  comparison  with  adults,  129,  166; 
regurgitation  in,  67 

Newborn  human,  measurement  of  taste  sense  in:  histori- 
cal summary,  125-131;  per  facial  reaction,  99-101, 
126-130,  173-178,  182,  183;  per  intake,  129,  161-166; 
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per  perameters  of  sucking,  132-137,  143,  144,  146- 
157,  195-198;  per  cardiac  response,  131-139;  per  lat- 
eral tongue  movements,  205-212 
Newborn  pig:  glucose  and  sucrose  preference  in,  91,  92, 
97.  See  also  Pig 
Newborn  sheep.  See  Lambs 

Ninth  cranial  nerve,  6,  14;  activity  combined  with 
seventh  nerve  activity  to  predict  choice  behavior,  8, 
198,  199 

Nipple:  for  presenting  stimuli  and  recording  sucking, 
118,  132,  143,  148;  possible  difference  between  free 
and  restricted  flow  varieties,  141;  for  recording  tongue 
pressures  and  delivering  fluids,  195,  196 
Nominal  scaling,  282,  283 

Novelty:  in  acquisition  of  taste  aversions,  61,  62;  avoid- 
ance of,  by  weanling  rats,  225;  failure  of,  to  account  for 
postadaptation  responding  of  human  newborn  in  lat- 
eral tongue  movement  taste  tesdng,  209 
Number  of  responses  per  burst:  day  to  day  stability  of,  in 
the  sucking  of  human  neonate,  137 
Nutrients:  changing  need  for,  in  the  control  of  food 
intake  in  growing  organisms,  262,  337 
Nutrition:  lack  of  information  concerning  effects  of  early 
differences  in,  on  subsequent  taste  preference,  324 
Nutritional  value:  strong  relation  of,  to  preference,  408, 
409 

Obesity,  241;  in  relation  to  use  of  sugar  or  sweeteners, 
v248;  in  relation  to  socio-economic  status,  248;  and 
selective  overindulgence,  280;  correlation  of,  with 
monotonic  pleasantness  x intensity  functions  for  sweet 
and  salty,  291,  292;  lack  of  established  causal  relation 
with  taste  responsiveness,  298;  differenual  effects  of, 
on  preference  for  sucrose  and  aversion  to  NaCl,  317; 
degree  of,  and  sucrose  aversion,  317;  degree  of,  in 
conjunction  with  Metropolitan  Life  Insurance  Tables, 
277,  295,  327,  328 
Oral  satiety,  358 
Ordinal  scaling,  283 

Odors:  intensity  of  hedonic  reactions  to,  144;  discrimina- 
tive response  to,  per  facial  expressions  in  newborn 
human,  179-185;  response  to,  in  anencephalic  neo- 
nate, 182,  184,  185;  in  relation  to  feeding  reflexes, 
203;  as  cues  in  the  transmission  of  feeding  prefer- 
ences, 232,  233 
Olfactory  stimuli.  See  Odors 

Olfactory  system:  interactions  of,  with  gustatory  system, 
21 

Olfactory  bulb:  developmental  schedule  of,  189 
Omnivore:  pig,  as  a laboratory  model  for,  86;  dietary 
problems  of,  fundamental  differences  from  those  of 
carnivore  or  herbivore,  330,  331,  343 
Ontogenetic  comparison:  of  protein  selection  in  rats,  23. 

See  aho  Age  comparison;  Adult,  human 
Operant  conditioning:  in  infant  human,  138 
Operant  response:  in  test  of  relative  effectiveness  of 
sugar  for  .squirrel  monkey,  1 0;  performance  of,  by  pigs 
to  obtain  sucrose,  90;  in  manipulating  availability  of 
diet,  342;  and  schedule  induced  polydipsia,  374  ff 


Oral  factors;  in  satiety,  258,  259;  in  human  preference 
and  aversion,  370;  osmotic,  365 
Oral  hygiene:  unimportance  of,  in  caries  attack  on  hu- 
mans eating  high  starch  diet,  346 
Osmolality:  role  of,  in  ingestive  preference,  21,  22 
Osmotic  factors,  oral:  in  contrast  to  taste  factors,  365 
Osmotic  pressure;  as  a stimulus  property  of  solutions 
used  as  stimulus  for  sweetness,  356 
Overindulgence:  in  sweets  or  carbohydrates,  absence  of 
adequate  observational  base  for  linkage  of,  to  human 
^'obesity,  323;  massive,  in  the  definition  of  abuse,  374; 
selective,  in  obesity,  280 

Overnutrition:  infantile,  in  the  production  of  obesity, 
313,  314 

Overingestion:  of  sweet  fluids  in  the  time  limited  two 
bottle  testing  of  squirrel  monkey,  9.  See  also  Over- 
indulgence 

Overweight  humans:  food  preferences  of,  per  question- 
naire, 274-278;  willingness  of,  to  work  for  preferred 
and  non-preferred  rewards  relative  to  normal  weight 
subjects,  300;  similar  differences  of,  from  both  normal 
and  obese  in  intake,  hedonic  judgements  and  effects  of 
increased  effort,  303-305.  See  also  Obesity 

Palatability:  and  sweetness,  355  ff;  as  the  hedonic  re- 
sponse to  food,  400  ff;  and  the  relative  activity  of  ninth 
and  seventh  nerves,  8,  198,  199;  and  reflexes  of  ac- 
ceptance and  rejection,  198;  reflection  of,  by  drinking 
onjy  in  the  initial  minutes  of  presentation,  357,  358; 
change  in,  as  the  mechanism  for  gastric  inhibition  of 
intake,  359;  reduction  of,  for  the  protein  component 
of  a diet  and  parallel  reductions  in  both  protein  and 
carbohydrate  intake,  336,  337;  modulation  of,  by 
learning,  359,  360 
Pancreas,  22,  23 

Papillae:  location  and  morphology  of,  5,  6,  7;  schedule  of 
development  for,  in  sheep,  52-55;  and  taste  pores,  52, 
85;  fungiform  and  filiform,  differential  staining  by 
methylene  blue , 7 1 , 72 ; fungiform , failure  to  discern  on 
tongue  of  fetal  rats,  72,  85;  fungiform  developmental 
change  in  number  in  rat,  72,  73,  74;  effects  of  environ- 
mental manipulations  on  the  calendar  for  develop- 
mental change  in  number  of,  74-79 
Pauses  during  sucking;  decreases  in,  with  increases  in 
sweetness  of  ingested  fluid,  134;  effects  of  NaCl  upon, 
130,  210.  See  also  Burst — pause  pattern  of  sucking 
Peripheral  sensory  mechanisms:  for  taste  reception  on 
the  tongue  of  the  neonate  human,  210,  211.  See  also 
Papillae 

Pharmacological  action  of  addictive  agents,  383 
Phylogenetic  relations,  1 7 ff.  See  also  Species  differences 
and  entries  for  specific  species 
Physical  growth;  in  rats,  79-82,  254,  262 
Pig:  similarities  of,  to  man,  86,  87,  88;  similarity  to  low 
birth  weight  human  based  on  neonatal  lack  of  fat  and 
glycogen  stores,  88;  special  procedures  for  laboratory 
study  and  maintenance  of,  89;  resemblance  of  insulin 
sensitivity  of,  to  that  of  human  and  dog  but  not  rat,  93; 
neonatal  glucose  and  sucrose  preference  of,  91,  92,  97; 
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social  facilitation  of  sucking  in,  95;  development  of 
glucoprivic  eating  in,  93-97;  effects  of  food  depriva- 
don  on,  95-97 

Pleasantness:  contrast  of,  with  other  possible  controls  on 
ingesdve  behavior,  293,  294;  quandfication  of,  sepa- 
rately from  sensory  quality  or  intensity,  355 
Poison  avoidance,  218 
Polydipsia,  374,  375 

Polysaccharides,  extracellular:  role  in  caries,  347 
Pons,  24 

Pore,  taste:  in  photomicrographs,  5,  6;  in  reladon  to  taste 
papillae  and  taste  buds  in  sheep  and  in  fetal  human, 
52-55;  as  an  index  of  number  of  taste  buds,  85 
Posterior  tongue:  responses  of,  to  quinine  hydrochloride 
in  newborn  human,  197.  See  also  Anterior-posterior 
tongue  areas 

Postingestive  effects,  11,  19,  101,  164,  328,  329,  357  ff, 
367  ff,  410.  See  also  Taste  aversion.  Sham  drinking, 
and  Gastric  capacity,  distension,  and  loading 
Postnatal  experience  of  taste:  possible  differendal  effects 
of,  on  late  maturing  and  precocial  species,  62 
Power  funcdons,  289 

Preference:  measures  of,  other  than  intake  in  ingestion 
situations,  91;  acquired  as  opposed  to  genetically  de- 
termined, 161;  for  ethanol,  378;  effects  of  illness  upon, 
404;  independence  of,  from  tesdng  experience  in 
weanling  rat,  102;  for  dextrose  and  sodium  saccharin 
over  ethanol,  378,  379;  sensory  specificity  and  hunger 
dependence  of,  356;  shifts  of,  402,  403,  404;  transitiv- 
ity of,  401,  402;  tests  of,  in  cortically  ablated  rats,  200, 
201 

Preference-aversion  function:  completion  of,  with  less 
than  isotonic  concentrations  of  saccharin,  365;  for 
sugar,  differential  survival  of,  under  sham  drinking  of 
osmotically  matched  salt  and  water,  366,  367;  for  hu- 
mans per  intake,  369,  370 

Preferential  discrimination:  as  opposed  to  sensory  dis- 
crimination, 399,  400 
Preferential  hierarchies,  401 
Preference  matches:  among  various  sugars,  11 
Premastication,  239,  246 

Premature  human:  differential  response  of,  to  taste,  128; 

neonatal  pig  as  a model  for,  88 
Pre-school  children:  most  preferred  snacks  of,  253 
Protein:  in  relation  to  other  diet  elements,  23;  selection 
of,  and  age,  23,  338,  339;  defitiency  of,  under  sugar 
feeding  regimen  in  humans,  247 ; failure  of  activity  to 
influence  selection  of,  340;  altered  selection  of,  under 
starvation  induced  weight  loss,  34 1 ; defense  of  minimal 
percentage  intake,  342 

Protein  starvation:  differential  effects  of,  on  preferences 
measured  in  home  cage  and  brief  exposure  tester,  410 

Quality  coding:  by  cross  fiber  pattern  and  labelled  line 
mechanisms,  14.  See  also  Specificity 
Questionnaire:  concerning  snack  food  preferences,  252, 
253;  concerning  appetite,  general  health,  and  caries  in 
relation  to  the  frequence  of  eating  specific  foods,  254, 
258;  concerning  the  food  preferences  of  young  adult 
males,  269  ff 


Quinine  rejection:  in  human  neonate,  99-101,  174-178; 
quantification  of,  per  category  rating  scales  in  human 
adult,  285-287;  in  rat  neonate,  101-105;  in  hamster 
neonate,  106 

Race  differences:  in  preferred  level  of  saltiness  and 
sweetness,  168;  as  reflected  on  food  preference  ques- 
tionnaire, 270-274 
Ratio  scales:  ratio  scaling,  287 

Rats:  consumption  of  highest  percentage  of  protein  by 
young,  23;  herbivore  type  teeth  and  alimentary  canal 
of,  86;  wild,  218  ff;  intake  preference  of,  for  sugar 
solutions,  387,  398 

Receptors,  gastric:  for  sweetness,  possible  existence  of, 
358 

Repetition  of  exposure:  modification  by,  of  discrimina- 
tion but  not  hedonic  responses,  404 
Respiration:  state  dependence  of,  and  stimulus  effects  on 
in  fetus.  111;  similarity  of  pre  and  post  natal  stimulus 
control  of.  111;  changes  of,  in  response  to  taste  in  the 
newborn  human,  127;  recording  of,  during  taste  test- 
ing, 132;  disturbance  of,  in  sucrose  ingestion  by  new- 
born humans,  141,  142 

Response  profiles:  for  single  fibers  based  on  best  of  four 
tastes,  28 

Responses  of  nerves:  compared  to  choice  behavior,  198, 
199 

Retch  reflex:  maturation  of,  and  oral  rejection,  66 
Rewards:  sweet  foods  as,  241 

Saccharin:  taste  of,  for  rats,  42-48;  aversion  to,  in  pig,  90; 
sucking  response  to,  in  newborn  human,  130; 
preference-aversion  function  for,  in  humans  by  intake 
method,  369,  370;  butter  taste  of,  and  rejection  of,  in 
human,  369,  370;  preference  for,  in  rat,  404,  405; 
preference  for,  over  ethanol,  379 
Saccharin  deprivation  effect,  357 
Safety  of  food,  218 
Saliva:  enzymes  in,  246 

Salt  solutions:  aspiration  of,  by  newborn  human, 
119;  graded  response  to,  among  human  newborns, 
129;  negative  response  to  in  newborn  human,  129, 
130;  failure  to  detect  aversion  of  newborn  human  to, 
162,  163;  responses  of  newborn  human  to,  210,  211; 
maximally  preferred  concentration  of,  167,  168;  inten- 
sity and  hedonic  quality  of,  as  judged  by  the  same 
individuals,  285;  maintenance  of  homeostases  for,  414 
Satiety:  factors  influencing,  357-359 
Scales  of  measurement:  nominal,  ordinal,  interval  and 
ratio,  283  ff 

Selection,  dietary:  minor  role  of  sweetness  in,  336 
Self  feeding:  transition  to,  coincides  with  an  increase  in 
the  size  of  the  fungiform  papillae  population  on  the 
tongue  of  the  rat,  74 
Self-select  diet,  23,  409,  411 

Seriation  of  stimulus  effectiveness:  of  sugars,  9,  10,  11, 
387  ff;  as  a function  of  concentration  in  fetal,  newborn 
and  adult  sheep,  55;  for  acceptance  in  neonatal  rat  and 
hamster,  105,  106;  as  a function  of  concentration  in 
human  newborns,  208;  as  part  of  a research  strategy. 
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387  ff;  and  preference  hierarchies  for  foods  in  rat, 
401-404 

Set  point:  deviations  from,  as  defined  by  Nisbett,  301; 
closeness  to,  inferred  from  minimal  yearly  weight  fluc- 
tuation in  the  absence  of  dietary  restrictions,  301;  fail- 
ure of,  to  effect  hedonic  judgements  of  or  intake  of 
milk  shakes,  302,  303 

Seventh  cranial  nerve,  14,  190,  192,  193;  receptor  field 
of,  in  catfish,  17;  integration  of,  with  ninth  nerve  re- 
sponse function  to  predict  choice  behavior,  198,  199 
Sex  differences:  among  newborns,  162;  in  preferred 
level  of  sweetness  but  not  saltiness,  168;  in  adaptation 
to  drops  of  water,  208;  in  resistance  to  the  eff^ects  of 
overnutrition  in  infancy,  314 
Sham  drinking,  365-367 

Snacks:  consumption  of,  for  groups  differing  in  caries 
frequency,  250,  251,  345;  relative  preferences  among, 
per  questionnaire,  252,  253;  purchase  of,  per  observa- 
tional study,  252;  strain  differences  in  meal  patterns 
among  rats,  348 

Social  facilitation:  of  eating  in  suckling  pigs,  95 
Social  interaction:  in  the  transmission  of  rat  feeding 
preferences,  230;  and  aggression  at  the  feeding  site  in 
rat,  234 

Social  setting:  role  of,  in  the  disinhibition  of  facial  re- 
sponses to  food  among  mature  humans,  184 
Socio-economic  class:  and  the  form  of  sugar  intake,  241; 
and  obesity,  248 

Solid  food:  rat  pups’  initial  consumption  of,  223,  224; 
transition  to  a diet  of,  and  changes  in  the  filiform  papilla 
population  of  the  rat  tongue,  74-77 
Somatotype  ponderal  index  (SPI):  in  the  analysis  of  ques- 
tionnaire food  preferences,  274 
Sour:  preference  for,  247;  effects  of,  on  the  response  to 
sweet  in  human  newborns,  162,  163 
Spices:  in  pre-lacteal  feeding,  237 

Species  differences:  for  sensitivity  to  sweet  (man,  rat, 
hamster  and  squirrel  monkey),  25,  26;  in  response  to 
substances  that  taste  sweet  to  humans,  42 
Specificity:  of  taste  nerve  fiber  response,  14,  25  ff;  of 
gymnemic  acid  effect  to  sweet  taste,  7;  of  lesion 
induced  deficit  to  the  sweet  taste  quality,  14 
Squirrel  monkey:  response  profiles  of  single  Chorda 
Tympani  fibers  in,  27 

Stability:  of  sucking  behavior  from  day  to  day  in  newborn 
humans,  133;  of  the  effect  of  a glucose  load  on  taste 
preference  in  man,  320,  322,  370-372 
.Starvation:  differential  effect  of,  on  carbohydrate  and 
protein  intake,  341 

State:  and  responsiveness  in  the  fetus,  64;  as  a deter- 
miner of  the  effectiveness  of  touch  in  eliciting  sucking, 
69;  effects  of,  on  sucking  to  saccharin  in  the  human 
infant,  130;  in  relation  to  hunger,  142;  effects  of,  on 
some  preference  measures  in  newborn  humans,  164; 
physiological,  causally  unrelated  to  schedule  induced 
polydipsia,  375;  internal,  nutritional  and  chemical,  415 
Static  phase  of  lesion  induced  obesity:  comparisons  with 
artificially  extended  Dynamic  phase,  310-312 
Stimulus  area,  405 

Stimulus  change:  response  to,  in  neonate  human,  209 


Streptococcus  mutans:  role  of,  in  caries,  347,  348 

Sucaryl:  preference-aversion  functions  for,  among 

human  adults  by  intake  method,  369,  370 

Suckling-mothering  experience:  association  of,  with  a 
specific  inhibition  of  papilla  development  in  rat,  83 

Sucking:  inhibition  of,  by  bitter,  28;  initiation  of,  by 
touch  and  later  control  of,  by  taste,  65;  failure  of,  to 
reflect  satisfaction  or  acceptance,  127;  in  tests  of 
neonatal  taste,  128;  taste  elicitation  of,  failure  to  in- 
crease with  age  in  neonate  human,  128;  elicitation  of, 
by  non-taste  oral  stimulation,  131;  computer  assisted 
analysis  of,  132;  rates  of,  under  no-fluid  and  15% 
sucrose  conditions,  136,  137;  neglect  of  amplitude 
quantification  for,  by  students  of  newborn  human, 
146;  modification  of  components  of,  through  changes 
in  nature  and  concentration  of  sugar  solution  deliv^- 
ered,  195-197;  disruption  of,  by  quinine  hydrochloride 
in  newborn  humans,  197 

Sucrose:  effectiveness  in  relation  to  other  sugars,  9, 
161  ff,  197;  preference  for,  by  fasted  neonatal  pigs 
in  2-bottle  test,  91;  effect  of,  on  sucking  in  human  in- 
fants, 143;  preference  for,  over  formula  by  newborn 
humans,  164;  as  taste  stimulus  for  newborn  humans, 
174;  response  to,  in  human  newborns,  196,  197;  effec- 
tiveness of,  in  eliciting  anterior  tongue  movements  rel- 
ative to  glucose,  197;  intolerance  of,  243;  addition  of, 
to  milk  shake  for  highly  palatable,  highly  familiar  taste 
test  substance,  299;  aversion  to  taste  of,  among  obese 
children  and  obese  rats,  324;  intake  of,  and  concurrent 
intake  of  other  nutrients,  330-343;  fatal  overingestion 
of,  under  limited  access  time  feeding  schedule,  336- 
341;  other  stimulus  properties  of,  356;  preference- 
aversion  function  for,  from  human  intake,  369;  intake 
preference  thresholds  for,  in  rat,  389,  390;  maximal 
intake  of,  in  rats  relative  to  other  sugars,  394,  395; 
energy  value  of,  in  relation  to  activity  and  survival  in 
rats,  395 

Sucrose  free  diet:  among  human  neonates,  242;  of  fruc- 
tose intolerant  individuals,  350 

Sugar:  addition  of,  to  commercial  baby  food,  235;  addi- 
tion of,  to  children’s  medications  and  vitamins,  240;  in 
pre-lacteal  feeding,  235;  ingestion  of,  and  reduced  in- 
take of  other  dietary  elements,  258;  availability  of,  and 
health  and  growth  in  rats,  258  ff;  intake  of,  in  relation 
to  level  of  caries,  345;  rationing  of,  and  low  levels  of 
caries,  345;  form  of,  in  determining  effect  on  level  of 
caries,  346;  aversion  to  hypertonic  solutions  of,  in  rat, 
365;  harmful  effects  of,  through  distortion  of  other 
dietary  intake,  395;  preference  for,  in  rat,  420  ff;  solu- 
tions of,  stimulus  properties  of  beyond  sweetness,  356 

“Sugar  teat,”  125,  240 

Superior  laryngeal  nerve  (SLN):  recordings  from,  in 
newborn  lamb,  112,  113 

Supplemental  feeding  of  human  infants:  aims  of,  238; 
trend  toward  early  onset  of,  240;  in  cross  cultural  per- 
spective, 239  ff 

Survival  value:  of  neonatal  taste  sensitivity,  127;  of 
carbohydrate  choice  under  food  deprivation  condi- 
tions, 341 

Swallowing:  disruption  of,  by  ablation  of  vagal  lobe  in 


Subject 

catfish,  18;  in  sheep  fetus,  57-60;  in  human  fetus,  60, 
61;  as  a possible  early  manifestation  of  feeding  be- 
havior, 65;  in  newborn  lambs,  1 1 1 ff;  measurement  of, 
in  newborn  lambs,  112;  pattern  of,  during  sucking  in 
newborn  human,  120,  121;  insufficient  study  of,  in 
newborn  human,  146 

Sweet  acceptance:  in  human  neonate,  100,  101,  106;  in 
rat  neonate,  101-106;  in  hamster  neonate,  105-106 
Sweet  foods:  preparation  of,  by  spider  monkey,  4;  use  of, 
as  rewards,  241;  under  representation  of,  among  most 
highly  preferred  foods,  270 

Sweet  substances;  inverse  relation  of  appetite  for,  to  ap- 
petite for  fats,  23;  aversion  to,  among  obese  humans 
and  animals,  323,  324;  other  stimulus  properties  of, 
356 

Sweetened  beverages.  See  Drinks,  soft 
Sweetness:  contrast  of,  with  pleasantness,  293,  294;  role 
of,  in  determining  intake,  356,  357;  as  a motive  for 
drinking  in  rat,  356,  357;  continuous  adjustment  in 
sensitivity  to,  in  the  service  of  regulating  nutritive  bal- 
ance, 360;  species  difference  in  response  to,  25,  26; 
possible  differential  exposure  to,  via  fruit  drinks,  273; 
as  an  unconditioned  stimulus  for  eating  and  drinking  in 
the  hungry  organism,  359;  subjective  reports  of  aver- 
sion to,  for  both  hypo  and  hyper-tonic  solutions,  369, 
370 

Sweets:  eating  of,  between  meals  and  caries,  250,  251; 
most  preferred  snack  food  by  questionnaire,  252,  253 

Taboos:  feeding,  236 

Tactile  stimulation:  oral,  in  the  initiation  of  sucking,  68, 
69,  131;  lingual,  in  the  elicitation  of  lateral  tongue 
movements,  205 

Taste  aversion,  conditioned:  in  rat  pups,  227;  as  an 
example  of  modulation  of  palatability  by  learning,  359; 
flavor  control  and  non-injection  control  in  demonstra- 
tion of,  227,  228 

Taste  buds,  scarsity  of,  in  birds  relative  to  other  verte- 
brates, 4;  extra  lingual,  5,  114,  1 15;  structural  matura- 
tion of,  in  sheep  and  man,  52;  papillae  sites  for, 
schedule  of  postnatal  appearance  in  untreated,  early 
weaned  and  cross-fostered  rats,  72-79 
Taste  preferences;  of  normal  weight  and  obese  children 
in  relation  to  those  of  adults,  319 
Taste  quality:  differential  response  of  taste  nerve  fibers 
to,  25  ff;  array  of  stimuli  for,  26,  27 ; differential  re- 
sponse to,  in  newborn  rat,  105 
Taste  receptors,  51;  lingual,  5,  52,  210,  211;  oral  but  not 
lingual,  5;  extra  oral,  17,  117;  location  of,  in  relation  to 
acceptance  and  rejection,  194;  functioning  of,  in  sheep 
during  last  third  of  gestation,  55,  56,  57,  61 
Taste  responsiveness:  of  normal  weight  individuals  who 
were  overweight,  298 

Taste,  sense  of:  comparison  of,  with  other  sense  mo- 
dalities, 61,  405,  406 

Teeth:  susceptibility  of,  and  caries  development,  348; 

cross  species  comparison  of,  86-88 
Temporal  organization;  of  sucking,  investigational  neg- 
lect of,  146,  147;  of  eating  in  relation  to  caries,  250, 
251,  345,  348,  351;  of  swallowing  in  sheep  fetus,  fail- 
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ure  to  discern,  58,  59;  of  behavior  in  schedule  induced 
polydipsia,  374 

Tenth  cranial  nerve,  14,  22;  distribution  of  receptors 
innervated  by,  in  catfish,  17 

Testing:  arrangements  for,  to  separate  responses  to  test 
substances  from  responses  to  diet,  205,  211,  212,  312 
Test  stimuli:  necessity  for  adequate  variety  among,  for 
single  fiber  studies,  26,  27 
Thalamus,  17,  19 

Thirst:  elicitation  of,  by  hypertonic  NaCl  but  not  glucose, 
22;  increments  in,  and  reduced  drinking  of  hypertonic 
sugar  solutions,  365 

Thresholds;  for  detection  of  sucrose  in  relation  to  degree 
of  obesity,  323;  for  sugar  preference  per  2-bottle  in- 
take test,  389 

Tongue;  topographical  organization  of,  6,  8,  16,  194; 
development  of  taste  papillae  on,  70  ff;  employment 
of,  by  mammals  in  taste  based  rejection  or  acceptance 
of  food,  193;  hedonically  specific  anterior-posterior 
movements  of,  in  human  newborn,  195-198;  touch 
and  taste  elicited  lateral  movements  of,  in  human  new- 
borns, 205  ff 

Transitivity:  of  preferences,  401,  402 
Twins:  preference  for  sweet  and  salt  among,  167,  168 
Two  bottle  preference  test:  time  limited,  in  squirrel 
monkey,  9;  differential  effects  of  VMH  lesions  on, 
310-312;  and  factors  determining  both  choice  between 
concentrations  and  total  intake,  335 

Up-down  method,  405 

Urea:  response  of  newborn  humans  to,  162,  163 

Vagus  nerve.  See  Tenth  cranial  nerve 
Vegetable  and  starch;  preference  for,  among  Blacks,  272 
Ventromedial  hypothalamic  lesions:  and  hyperrespon- 
siveness to  sweet  taste,  297;  in  rats,  297  ff;  differential 
effects  of,  on  one  and  two  bottle  tests  of  preference  for 
sucrose,  310-312 
Viscosity,  212,  213 

Water:  in  pharynx  of  newborn  lamb  and  apnoea,  116; 
failure  of,  to  elicit  response  from  tongue  in  fetal,  new- 
born and  adult  sheep,  123;  responding  to,  in  relation 
to  adaptation,  124;  responding  to,  in  newborn  infants, 
141,  207,  209;  provision  of,  by  sweet  solutions,  356 
Water  taste:  in  sheep,  124;  in  newborn  human,  211,  213 
Weaning;  and  increases  in  papillae  populations  on  rat 
tongue,  72-77,  failure  to  find  effects  of,  on  final 
number  of  papillae,  75;  hazards  for  wild  mammals 
during,  217,  218;  accomplishment  of,  with  the  aid  of 
bitter  substances  in  humans,  247 
Weanling  pigs:  food  intake  responses  of,  to  exogenous 
insulin,  94 

Weight  gain:  as  a measure  of  6 hour  food  intake  in 
piglets  nursing  sows,  94 

Weight  loss:  failure  of,  to  disrupt  preference  for  saccha- 
rin, 379;  failure  of,  to  effect  sucrose  preference  in 
humans,  320,  321 

Zucker  rats:,  and  genetically  determined  obesity,  312  ff 
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